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ABSTRACT 
Detailed site histories are developed from pollen 
analyses at six sites in three areas of montane Canterbury: 
upper Rakaia Valley, Mt. Somers, Lake Sumner. 
A post-glacial (Aranuian) vegetational and climatic 
history for central montane Canterbury is developed from 
these site histories and pollen analyses publ hed from 
1 
other areas. The site histories relate broadly to existing 
knowledge l but it is shown that pollen diagrams from montane 
areas may not be taken as being directly representative of 
the regional vegetation. 
Forest in montane Canterbury became widespread in the 
upper Rakaia Valley 10 000 years ago. The subsequent 
spread of beech forest (species of the Nothofagus fusca pollen 
group) in montane Canterbury occurred about 6 000 years ago 
in the Waimakariri and Hurunui catchments; more than 4 500 
years ago in the Harper tributary of the Rakaia River; and 
about 1 000 years ago in the vicinity of Prospect Hill in 
the upper Rakaia Valley. The isolated occurrence of silver 
beech (N. menziesii) in the Lake Stream tributary of the 
Rakaia River has a probable history of about 8 000 years, 
and at Prospect Hill, a local history of 2 000 years. Beech 
forests of the Hurunui catchment originated from a northern 
mixed beech source, while the beech forests of the 
Waimakariri and Rakaia catchments, and Mt. Somers, originated 
mainly from mountain beech (N. soZandri var. cZiffortioi s) 
sources, scattered most probably in the foothills of the 
central Canterbury Alps. 
Present evidence suggests that there was a marked 
2 
improvement in climate 10 000 years ago from cold early 
Aranuian conditions. It is thought that climatic 
conditions were most equable between 10 000 and about 
6 000 yr B.P. when precipitation was higher than at 
present. Conditions deteriorated at about 6 000 yr B.P. 
becoming drier and less equable, approaching present 
conditions. 
Pollen and charcoal evidence of European, Polynesian, 
and p istor fires in the study areas contributes to the 
history man-caused and natural res in Canterbury. 
Polynesian fires in the Upper Rakaia Lake Heron - Mt. 
A Somers region are seen as the coup de grace in a long 
established history of decline of montane podocarp forest 
there. 
CHAPTER 1 
INTRODUCTION 
This study is broadly concerned with the establishment 
and post-glacial history of the montane forests of 
Canterbury, New Zealand, during the Aranuian Interglacial 
period: an interval which comprises the last 14 000 years 
and which begins with the retreat of ice from the Otira 
Glaciation (Suggate, 1961, 1965). 
The aims of the study are:-
1. To further the knowledge of the Aranuian 
vegetational and climatic history of Canterbury 
with pollen diagrams from the Lake Heron and 
Lake Sumner districts; 
and to investigate the following points of especial interest 
in montane Canterbury:-
3 
2. The date of forest expansion following deglaciation. 
3. The timing of Nothofagus (beech) forest expansion. 
4. The origin and history of one of the isolated 
Nothofagus menziesii (silver beech) stands in 
Canterbury. 
5. The fire history of the study areas. 
1. The broad history of the development of post-glacial 
vegetation in the South Island has been established well 
enough to show that the patterns of development have been 
complex (Cranwell & von Post, 1936i Moar, 1971). In 
montane Canterbury (Fig. 1.1) studies of Aranuian 
vegetation history have been centred in the Cass district 
Several pollen s s there have established a grassland-
shrubland-forest sequence broadly similar to, but di rent 
4 
in detail from, the pattern of vegetation development 
elsewhere in the South Island (Lintott, 1963; Moar, 1971, 
1973b; Lintott & Burrows, 1973) including lowland Canterbury 
(Moar, 1970a, 1973b). With the exception of a pollen diagram 
from the Harper River in the Raka catchment to the south 
of Cass (Moar, 1973a), no other pollen analytical work has 
been published on the montane rests east of the Southern 
Alps (the Main Divide) in Canterbury although knowledge of 
their former extent and recent history is increasing (e.g., 
Molloy & Cox, 1972; Moar & Lintott, 1977). The inter-
montane basins containing Lakes Heron and Sumner 1 
respectively to the south and north of the Cass inter-
montane basin and different forest types predominate in 
each of the three areas. 
rent These general factors (unstudied territory, di 
forests, locations straddling the much studied Cass 
district) and the presence of promising coring sites, made 
the new localities potenti ly interesting for further 
study of the Aranuian history of Canterbury forests. 
2. In the South Island, radiocarbon dated pollen diagrams 
from Dunedin (McIntyre & McKellar, 1970) and North Westland 
(Moar, 1971) have shown that the early Aranuian expansion 
of forest following deglaciation occurred about 10 000 
years ago in those areas. The spread of st may have 
been a synchronous event but the present dates are as yet 
170 
4l------~~--~·---------+--------
'''Ill 
Figure 1.1 
Harper 
LAKE HERON 
R. 
110 In 
Canterbury, South Island, New Zealand; 
showing localities mentioned in text. 
5 
R. 
too few to support such an assumption with any degree of 
certainty. Dates of early Aranuian. forest expansion in 
Canterbury were sought to help establish the timing of 
this event throughout the South Island. 
3. West of the Main Divide several pollen sites in North 
Westland have shown the spread of the northern beech forest 
there to have been a diachronous event, beginning in Nelson 
and occurring progressively southward over a period of some 
5 000 years (Moar, 1971). It was hoped to learn something 
of the metachroneity of this event east of the Main Divide 
in Canterbury. The two study areas and Cass comprise a 
line of sites in montane Canterbury within the northern 
beech forest and approaching its southern limits. 
4. One of the puzzling aspects of plant distribution in 
Canterbury is the anomalous occurrence of small isolated 
stands of silver beech. In the Lake Heron study area 
sites were located close to one of these silver beech 
stands, in order to test the hypothesis that their distri-
bution was a relict distribution representing positions 
of surviyal during the Otira glaciation. 
5. Canterbury has had an extensive fire history. Evidence 
from charcoals, sub-fossil plant remains, and buried soils, 
show that fires have occurred at periods throughout 
Aranuian time in lowland and montane Canterbury_ The 
6 
abrupt drop in beech pollen frequencies evident in most 
pollen diagrams from Canterbury re ects the major 
destruction of forest by fire in Polynesian times. Studies 
in the Cass district are building a detailed history there 
(Molloy, 1977) and it was hoped to obtain charcoal and pollen 
evidence of similar fires in the study areas. 
The substance of this study is summarised in the 
following tables: 
1. Site Histories: 
l2A 
l2B 
l2C 
Prospect Hill 
Mt Somers district 
Lake Sumner district 
2. Vegetation History: 
l2E Patterns of Aranuian vegetation 
history, central montane 
Canterbury 
3. Climate History: 
l2F Aranuian climate history of 
montane Canterbury 
4. Early Aranuian Forest Expansion 
l2G Dates for forest expansion in 
the South Island 
p. 145 
p. 146 
p. 147 
p. 169 
p. 186 
p. 188 
6a 
The detailed interpretations of pollen data, leading to the 
six site-histories, are presented in chapters 6-11. In the 
discussion, chapter 12, the results of these detailed inter-
pretations are used, with other available evidence, to 
synthesize an appreciation of the aims of this study as already 
outlined. 
CHAPTER 2 
SETTING 
2.1 PHYSIOGRAPHY 
2.1.1 Geomorphology 
The topography of Canterbury (Fig. 2.1) results 
from its geological history (Table. 2A). The shape of the 
present landscape has been largely determined by the late 
Tertiary - early Pleistocene Kaikouran orogeny, during 
which the sent mountain ranges were uplifted and the 
Banks Peninsula volcanoes built; and the subsequent 
modification by glacial, fluvial, and mass wasting 
processes which were active during the climatic fluctuations 
the late istocene. 
The mountain ranges of Canterbury are of youthful form 
with jagged ridges and with peaks up to' 2 000 - 2 500 m 
altitude. They are part of the Southern Alps (the "Main 
Divide") which form the central axial mountain ,system of the 
South Island. The montane valleys and, tributaries of the 
main rivers are fluvially modified glacial valleys. 
Tectonic control is sometimes evident. Most lakes and 
tarns have a glacial origin and glacial landforms and 
periglacial features originating from the most recent 
glaciation (Otira) are cornmon. Main rivers and tributaries 
flow in braided courses on wide shingle beds and the large 
alluvial fans that occur at the foot of most valley walls 
are a distinctive feature. Today, glaciation is most 
7 
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Table 2A. Major geological events in Canterbury 
(from Gage, 1969). 
Quaternary 
Tertiary 
Mesozoic 
Late 
Palaeozoic 
-------~ 
Holocene 
(" Recent ") 
Late 
Pleistocene 
Early 
Pleistocene, 
Pliocene 
Miocene 
Oligocene 
Eocene 
Late 
Cretaceous 
Middle 
Cretaceous 
Early 
Cretaceous 
Late 
Jurassic 
Early 
JUI'3.5Sic 
Triassic 
Permian 
j'vlillion 
year" 
b.p. 
Final post-glacial rise of sea-level; peat, silt and shell-beds r- 0 
uoder Christchurch deposited; erosional valleys on Banks 
Peninsula volcano drowned to form harbours and bays. 
Great oscillations of climate; during cold phases glaciers 
advance far down valleys, wear down divides and change 
Valley-pattern; moraines and thick gravel deposits formed, 
including Canterbury Plain; during interglacial warm inter-
vals, glaciers decline, streams carve terraces, the sea stands 
high and forms raised beaches and cliffs above present sea-
level. Wind-blown "loess" silts accumulate during glacial 
episodes. . 
Prolonged eruptions (mainly basaltic) build Banks Peninsula 
volcanoes. Crustal movements and elevation accelerate: 
withdrawal of sea from region; mouotain chains gain ele-
vation ("Kaikoura Movements"). 
Formerly unified region breaks into smaller crustal segments, 
some rising, some sinking; eastern Canterbury still mainly 
under shallowing seas; islands rising to the west; local vol~ 
canic activity in mid-Canterbury. 
Maximum spread of sea; probably all of Canterbury region 
submerged; main limestone deposits formed; su bmarine vol-
canoes active over wide area. 
Sea spreads slowly over peneplain from south and east; coal~ 
forming peat accumulates in coastal fringing swamps and is 
buried uoder sand and silt deposits as the sea advances. 
Mouotainous relief slowly destroyed by erosion, reduced to a 
low. uodulating "peneplain", mantled with a deep soil. which 
extended probably throughout Canterbury and far beyond. 
Vigorous compression and uplift of sediments in geosyncline; 
mouotain ranges develop ("Rangitata Movements") 
Geosyncline trough becomes narrower; islands appear; vol-
canoes active. 
Canterbury region wholly under the sea; part of "New 
Zealand Geosyncline" oceanic trough in which debris eroded 
from land most likely to the westward accumulated rapidly 
1- 0.01 
t- 13 
t- 13 
t- 25 
t- 36 
1--100 
- 120 
- 135 
- 170 
to form the basement rocks. Submarine volcanic activity I-- 230 
within the trough. 
1 
9 
extensive in the Mt. Cook region of South Canterbury where 
peaks rise to 3 700 m. Valley glaciers there descend to 
about 500 m altitude and small glaciers occur in the heads 
of most major valleys north to the Waimakariri valley. 
2.1.2 Rock type 
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The rock predominating in the Canterbury mountains 
is the Permian - early Jurassic sandstone suite of the 
Torlesse group. This group comprises a range of gre~well 
indurated sandstones and siltstones of varied grain-size and 
structure,and hard black mudstones. The Torlesse sand-
stones are accompanied in some localities by conglomerate, 
red chert, basaltic lava and tuffs, some trachyte and 
rhyolite, and may be intruded in places by syenite and 
gabbro. Other rock types present are the limestones, green 
sands and coalmeasures of Cretaceous-Tertiary age, found 
preserved in structural basins within the mountains and 
on the lower flanks of some 'of the foothill ranges facing 
the plains. 
2.1.3 Processes 
Mass movement processes, freeze thaw effects, 
solifluxion and soil creep, are active on steep unvegetated 
upper slopes, and the usually well jointed sandstones 
contribute much material to the fluvial processes pre-
dominant on the lower slopes and valley floors. 
Recent cultural interference has accelerated natural 
steepland erosion in the mountains. Possums (Triohosurus 
vuZpeouZa) , red deer (Cervus eZaphus), chamois (Rupioapra 
rupiaapra) , and thar (Hemitragus jemZahiaus), introduced 
by European settlers have led to a decline in the richness 
of alpine vegetation and have affected its stability. In 
the frontal ranges especially, sawmilling and accidental 
forest f s during the European settlement period (1860s 
90s), and an only recently discontinued high country 
agricultural policy of pasture management by repeated 
'burn-offs', compounded by overgrazing, has opened up 
much alpine grassland to serious erosion - the 'streams 
of grey screes flowing down Canterbury hillsides'~ 
2.1. 4 Soils 
The broad pattern of Canterbury soils is published 
in "Soils of South Island, New Zealand", Soil Bureau 
Bulletin, No. 27 (1968). Vucetich (1969) has further 
11 
discussed the soils of Canterbury and Cutler (1977) provides 
a more detailed analysis of the mountain soils in his 
description the soils of the Cass district. 
The so,ils of Canterbury, and of the high country in 
particular, are, with local exceptions,closely related due 
to their common parent rock - the'greywacke' sandstones 
of the Torlesse group. However, desp similari es in 
general appearance they vary markedly in structure. This 
is because any soil is the product of a complex of inter 
acting soil forming processes acting (in the Canterbury 
high country) on di rent states of the parent greywacke 
material (e.g., Fig. 2.2), and being subject to the 
variable influences of vegetation, slope, and climate (macro 
and micro). Added to the 'normal' soil development process 
12 
M . loflfi!Jct. rresh rock durltul 
auntarns ice, rock • .solHlua 
Hills lo"flun, d,.fr. minor iQeu 
Downlands old lurf1teS - bedded {aen 
)'oun& suriacu - monlnlc tilt. thin 'oeu: 
Outwash Plains gr.lvelt with tbln I(len mlod. 
Terraces and Floodplain ;'IlIuvlurn. minor loeu, etc. 
Figure 2.2. Canterbury land and soil mate Is 
(from Vucetich, 1969). 
Table 2B. A chronosequence soils developed from greywack 
Stage 
stage 1 
Stage 2 
stage 3 
Stage 4 
stage 5 
stage 6 
Stage 7 
detritus in the Cass district (from Cu 
New zeala~d Classification* 
Recent soils 
Intergrade between recent 
high country yellow-brown 
soil andl 
earth ) 
Hode to strongly leached high 
country yellow-brown earth 
Strongly to verj strongly leached 
high country yellow-brown earth. 
Weakly podzolised high country 
yellow-bro'Nfl earth 
High country podzols 
High gley-podzol 
Map Unit 
Tasman Set 
Nesopotamia 
Set 
Craigieburn, 
Cass Sets 
Bealey Set 
Katrine Set 
Lewis Set 
* The classification and ter~nologl are basically after 
Taylor & Pohlen (1962) 
er, 1977) 
Figure 2.3. 
Key to Soils 
Soils of Montane Canterbury. Recent Soils (alluvial) occur 
on river terraces, floodplains, and young fans. The Upland 
and High Country Yellow-brown Earths are the most common soils 
of montane Canterbury; the Lowland Yellow-brown Earths lie in 
a broad belt along the foothills. In areas of high precipitation 
as in the headwaters of the major rivers close to the Main Divide 
heavy precipitation results in the occurrence of the High Country 
Podzolised Yellow-brown Earths and Podzols. Alpine Steepland 
Soils (rock, scree and skeletal alpine soils) occur on the tops 
of the higher ranges. (adapted from Soil Bureau Staff, 1968>' 
~ Lowland Yellow-brown Earths 
~ Upland and High Country Yellow-brown E,arths 
Upland and High Country Podzolised Yellow-brown Earths and Podzols 
Recent Soils 
Alpine Steep land Soils 
/ 
occurring with time are modifications imposed by erosion 
and deposition processes and also such historical factors 
as fire, and changes in vegetation and climate. The 
end result is the apparent profusion of mapped soil types 
each named from type areas. 
Put very simply the high country soils may be 
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explained as being deviations from an idealised development 
of high country yellow-brown earth (Taylor & Pohlen, 1962) 
from "greywacke" detritus (e.g., Table 2B), leached and 
podzolized under different regimes of moisture (precipitation, 
drainage, and evapotranspiration) and vegetation (tussock 
grassland, beech and podocarp forest). 
Fig. 2.3 shows the distribution of soil types in 
montane Canterbury. 
2.2 CLIMATE 
2.2.1 Present Climate 
Kidson (1950) and Garnier (1958) have presented 
comprehensive studies of the weather and climate of New 
Zealand. Aspects of the mountain weather and climate 
are provided by various writers (e.g., Watts, 1950; 
De Lisle, 1966, 1969; Coulter, 1967; Cherry, 1970; Morris, 
1965; Morris & O'Loughlin, 1965; Greenland, 1977). De 
L Ie (1969) and Greenland (1977) have respectively 
reviewed the weather and climate of Canterbury and Casso 
New Zealand lies in a mid-latitude position in the 
Southern Pacific Ocean, in a position south of the high 
pressure zone of the sub-tropics and on the northern edge 
of the main belt of westerly winds. The domination of 
15 
New Zealand weather by a regular procession (weekly iod 
(De sle, 1969)), of anticyclones and troughs of low 
pressure moving eastward onto the country from the Tasman 
Sea, is a result of the intermediate position of New 
Zealand between these global circulation belts. 
The Southern Alps of the South Island lie directly 
across the easterly progression of these weather systems. 
Their modification of these systems determine South Island 
weather. Orographic uplift of the westerly airstream 
results in high precipitation on the western slopes, and 
a strong fohn effect and rain shadow on the eastern side 
(Figs. 2.4, 2.5), producing the hot dry nor'wester -
the characteristic wind of Canterbury. The ss frequent 
southerlies,deriving from the troughs of low pressure in 
between the anticyclones, result in either cold fine 
weather in the Canterbury mountains or high winds with 
rain or snowfalls on the eastern peaks. 
Climate records for the mountain areas are sparse 
and are generally limited to precipitation. Rainfall 
records are available for Lake Sumner and Lake Heron 
basins, and r Mt. Somers (Table 2C) I and the eastern 
end of the transect in Fig. 2.5 crosses the Rakaia River 
in the vicinity of Prospect Hill. 
More records are only available from the Cass area 
which has to be taken as being representative of other 
Canterbury intermontane basins including the Lake Heron 
and Lake Sumner study areas. At Cass, air temperatures 
o 
are greatest in mid-summer (c. 15 C monthly mean), and 
o least in winter (c. 1.5 C monthly mean) when frosts are 
Figure 2.4. Distribution of mean annual rainfall 
(1921-1950) central South Island (after 
De sle, 1969). 
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Table 2C Rainfall normals 1941-70 (mm) for the 
study areas and Casso (abstrac 
from "Rainfall Normals for New Zealand 
1941 to 1970" N.Z. Meteorological 
Service Misc Pub. 145 & Supp nt 
No.1) . 
~. 
Upper Rakaia Mt. Somers Cass 
dis ct trict distr. 
S 
0 S 
S r-i S 
S 1..0 N 
N N M 
I.D 0 0 1..0 S I' 
S I' r-i ~ t"'-
1..0 0 r-i 0 
0 0 -r-! . 00 S 
r-i r-l . Ul ~ M I--l S 
I.D r-i (J) Ul U +J 
-r-! ~ (J) . Ul 0 
. ::r:: I--l Ul 'U :>; r-i 
~ 0 Ul (J) (J) Ul I.D 
Or-i (J)r-i ..s::r-i Or-i ..s::r-l r-iN I--lr-i N 
..s::oo r-lN +J..q< P-!N UlM (J)~ O..q< • I' 
~lf) ..QM ~r-i 1..0 r-l1.D :>1..0 r-i If) UlO (J)O ~r-l (J)r-i .r-i 0"'-; ror-i :>;r-i Ulr-l 
HM OM r-iM +JM OM +JM l\lM l\lM 
r:.::I::r:: Q::r:: t!J::r:: ::8:r:: ::s:::r:: Ul:r:: E-t:r:: u::r:: 
Jan 152 99 107 84 - 119 - 94 
Feb 137 107 109 76 109 - 97 
Mar 140 94 107 76 - 109 - 96 
-
Apr 140 122 130 76 - 107 - 107 
~·1ay 130 127 145 71 - 97 - 114 
Jun 84 109 119 48 - 64 - 97 
Ju1 114 122 132 64 - 84 - 99 
Aug 124 135 132 71 91 - 104 
S 119 132 145 66 - 86 - 119 
Oct 140 135 142 76 - 104 - 122 
Nov 152 132 147 86 - 117 - 130 
Dec 170 119 127 94 - 135 - 107 
Year 1602 1433 1542 888 1193 1222 1601 1276 
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frequent (Table 2D). The most sunshine occurs in 
autumn (February-May) and wind velocities have an annual 
average value of 4.9 m/sec (C. J. Burrows, pers.comm.). 
Maximum gust velocities may be as high as 140 - 150 km/hr 
in places. Winds from the north-westerly quarter are 
most frequent, occurring 51% of the time (Table 2E). Local 
topography will alter these proportions depending on the 
site. In calm weather, katabatic cold air drainage at 
nights from the surrounding slopes results in temperature 
inversions being a frequent phenomenon. These occur all 
year round (up to 57% of the days in a year (Greenland, 
1977)) and in winter are responsible for hard frosts. 
Annual average precipitation at Cass since 1918 has been 
1 300 mm (surrounding mountains - 1 800 mm) and distributed 
fairly evenly throughout the year. Variability at 14.91% 
(Seelye, 1941) is relatively high, reflecting the location 
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of Cass within a steep annual rainfall gradient: Arthurs 
Pass, some 20 km to the north-west has more than three times 
as much precipitation. 
There are few records of precipitation in the form of 
snow. Very heavy snowfalls occur in some years (Burrows, 
1976), but snow usually occurs only for a day or so on the 
floor the Cass basin (Soons & Rayner, 1968). Snow is 
more frequent and of longer duration in the Lake Heron 
basin and less frequent in the Lake Sumner basin. Winter 
snowline in Canterbury may be as low as 915 m but permanent 
snowline is at about 2150 m. 
Mt. Somers, on the eastern edge of the mountains 
overlooking the plains, lies in the foothills belt of 
Tab 2D. Mean air . 0 tures ln C localities 
20 
in the Cass district (from Greenland, 1977). 
Craigieburn 
Station Chilton Valley Field Station (Fore 
Altitude (m) 780 566 808 
Approx. distance from 
chilton Val (km) 1 13 
Years of Record 1964-68 1961-1964 1961-63 
January 14.3 14.6 14.5 
February 16.0 15.7 14.5 
March 12.5 13.2 11. 2 
April 10.5 B.B 8.8 
May 5.5 5.8 5.6 
June 2.5 2.7 1.7 
July 1.7 1.6 1.1 
August 4.0 3.7 2.2 
september 6.5 5.7 5.0 
October B.O 9.8 9.4 
November 8.2 11.5 9.4 
December 13.5 15.5 13.9 
Year 8.6 9.0 B.3 
Table 2E. Wind directions at Cassi morning observations 
(from Greenland, 1977). 
N NW - W 51% 
S - SW 13% 
SE E NE 16% 
Calm 20% 
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of increased rainfall (see Fig. 2.4) that results from 
a 
southerly and easterly winds, an fect which does not 
penetrate the mountains beyond the foothills. 
2.2.2 Past Climate 
The late Quaternary of New Zealand has been 
characterized by major uctuations in climate. Evidence 
for these changes is largely derived from lithology, 
fossil content, and physiography of the Hawera Ser s 
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(Table 2F). Four glacials and four interglacials (including 
the Aranuian) are recognized. Evidence in Canterbury and 
Westland of several ice advances show that large fluctuations 
climate occurred during the otiran and to a ser degree 
throughout the Aranuian (Table 2G). Evidence from other 
sources is summarized in Fig. 2.6. 
The magnitude of the fluctuations in Otiran time 
was sufficient to cause heavy glaciation of the Southern 
Canterbury and Westland during the 
period of maximum cold (c. 20 000 yr B.P.) . . 2.7 shows 
the approximate extent of ice at the Otira glacial maximum 
and also the approximate shoreline position extended 
by glac ustatic lowering of sealevel. Estimates of the 
temperature of cold phases within the Otiran depend on snow-
o 0 depression information and range from 3 to 6 C below 
present mean annual ratures (Willett,1950i Porter, 1975). 
A large sca retreat of ice and expansion of vegetation 
recorded a general warming of unknown magnitude and seasonal 
distribution starting about 14 000 years ago at the beginning 
of Aranuian time. Climate was mild enough to allow 
Table 2F. 
Hawera 
Upper 
Wanc;anui 
Lower 
W311gan,ui 
Subdivision of New Zealand Quaternary 
(from Mansergh, 1973a). 
Aranuian 
Otiran 
Otu:::-ian 
liaiocan 
Terangion 
Wain;allngan 
Waiwheran 
Porikan 
Putikian 2 
Okehuan 2 Harahaue.3 Hnuts,,:m 
MIUlg3panian 
Waipipian 
Opoi tian 
Subdi vision of t.he New ZeAland Q"'lterl''lry 
(Interglacial) 
(GlackI) 
(InterB'lacial) 
( (llacial) 
~InterglaCial) 
Glacial) 
Intergla cial) 
(Glacial) 1 
Estimated. 
Time 
(approx) 
0.014 m.y. 
0.07 m.y. 
0.13 m.y. 
0.25 m.Ye 
0.5 m.y. 
Castlccliffi!ll1 (e.l.) 
NukuJllaruan (" .1. ) 
1.8 
Waitotaran (s.l.) 
"UPPER 
QUATElUiARY" 
"LOWER 
QUATERNARY" 
PLIOCENE 
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Climate 
Fluctuati on 
Biostratigraphy 
The Porikan may be within the time range of the Castlecliffian; if so, it is incorrectly assigned 
to the Hawera series. 
2 See Fhming (1953). Castlecliffian, Nukul:laruan and Wai totaral:l have been used in a restricted seuse 
by Fleming (1962) and Vella (1963) in place of Putiki:m, ~a:rahauon and Hanc;apanian as in this volume. 
3 The Hauta'~an is essentially dependent on northward migration of a cool-'Hater marine fe.una and is not 
clearly separable from the Harahau.:m by evolutionary marine biostratigraphy. 
Table 2G. Tentative correlations of Otiran and Aranuian 
glacial events.* 
* 
(All dates in yr B.P. unless specified other-
wise) • 
The valley glaciers of the Southern Alps have complex 
and differing histories of advance and retreat. 
Correlation of these events is in a dynamic state. 
Intervalley discrepancies in correlation exist on 
both sides of the alps and east-west transalpine 
correlations, particularly of some Otiran glacial 
events, is not yet firmly established. (See Burrows 
& Mansergh (1973) pp.29,30; Soons & Burrows (1978); 
Burrows (1978) pp.84,85.) 
I lVESTl.AND I I 
I 
I [19 00 A.'. 
1600-1850 A.D. (maximum) 
:::. 400 
[' OS5 c. 1 450 Hora:::e Walker· 
1 510 
(2 380±75 
Horace Walker> [C. 2 500 L" Perous,,' 
2 570 
roo' Jo,.f' 
4 500 La Perouse· c. Horac" Walker" 
Fettes' 
c. 11 000 Franz Josef· 
[Waiho Loop) 
... ----- -------
I 
i\umara 32 
Kumara 3, 
i\umara 22 
Ku."llara 21 
Ku.'1lara 1 
---
• Glacier names 
1. Grant-Taylor & 
Ra:l:er, 1962 
Suggate, 1965 
Suggate .. !<!oar, 
1970 
liardle, 1973 
I'lardle, 19 7 a 
I 
I 
i 
I 
I 
l 
CANTERBURY 
Waimakariri Mt. Cook/ 
valley' Tasman Valley! 
Jyounger 
"Mount Cook" 
I 
older 
"Sebastopol" 
McGraths Birch Hill 
Creek 
. 
I 
------ Ml\.J"OR m:Tm:AT OF GLACIERS c. H 000 
Poulter 2 
Poulter 1 
Blackwater 3 
(complex 
advances) 
Blackwater 1,2 
Otarama 
2. Chinn, 1976 
Gags, 1958 
Tekapo 
Mt. John 
Mt. John 
Balmoral 
Balmeral 
? Wolds 
3. Burrows, 1973 
Burrows, 1980 
Burrows & 
Mansergh, 1973 
p.29 
M:::Gregor, 1967 
Speight, 1963 
Ben Ohau 
Range' r' 100 Dun Fiunary 
c. 400 
Whale Stream 
1 800 
Jacks Stream 
2 500 
Ferintosh 
Birch Hill 
. 
- 13 000 
- - - - -
2 
1 
2 
1 
4. McGregor, 1967 
·P. Birkeland 
pers.comm 
1978, in 
Burrows, 1980 
Rakaia 
valleyl 
r1930 A.D. 
Whitcombe 
'c. 400 
, 
[Lyell 
?j 
Meins Knob 
c. 4 500 
[10 000 
take Stream 
c. 11 000 
11 900 
- - - - - - - - - -
Acheron 3 
Acheron 2 
Acheron 1 
Bayfield 3 
Bayfield 1,2 
Tui Creek 1,2,3 
5. Burrows & 
Rus""ll, 1975 
Soons, 1963 
Soons " 
Gullentops, 
1973 
Cameron Valley/ 
Ashburton Valley~ 
(1930 A.D. l Arrowsmi th 
1 413:t50 A.D. 
(c. 550) 
Marquee 2 
Marquee 1 
? Lochaber 
Wildman 1 , 2 
- - - - - - - - - -
! ) 
Lake Heron 
(pre. 11 900) 
i 
Johnstone Stream 
Emily 
6. BllrrO\~S, 1975 
H.W. Keene, 
pers • co=.19 77 
! 
I 
I 
I 
90 eo 
worm , 
J. 
----o 
" ... 
"'ou.o~ at ,.eor. B.P 
70 60 50 40 30 20 
Curve for Otira Glaciation Temperolure, Soufh Island' 
? 
-- --
.... " . 
25 
10 o 
-2 cold ... , , ,~ 
", II 
o dop..-
-I.", ....". 
-2 annual 
-4 
,~ 
. 
e' 
'0 
5 
·30 
-35 
-40 
-4S 
'00 
pc:&I1IOn of 
f' ---.,.....,.., 
onIwnod Irwld 
? no estrno18 of 
~
CM:Jllob'e 
\ 
\ ?' 
-K2UJ 
, I , 
\ I 
-
? 
K2nJ 
, , ... :::9H 
, . '. 
' .... ' UK3(2J 
K2(2J? K3(1) 
Cold Climate EpisodM RecorOed b. AQQr'Odal'on Growfs a>d lDess Beds, North ls)and 2 
, 
I I I I I I 
,.a-.. 
....... _.'".-.,\ Speleothem POloeolemperalure, Woilomo 3 
90 
\.,.... . 
'.' " 
. , 
\ 
- - - ..",."ed \ 
. 
\ , . 
-.,: 
I'.. 
.. 
• • 
. . . 
__ .1, • , .... 
\ I '110" 
. . 
Ice Sheel OfllOl6 Palaeolemperature, B.,d Stolion, AnlorClieo4 
Ice Sheet 0 08 /0'6 PoloeolemperOlure, Vostok Slation, Antorehea 5 
Sea Le.el Curve, Thames, New Zealand 6 
80 70 60 40 
-3 .. "", 
4~ 
-~ ~"'C 
-6 
~ 
....an 
annua' 
I() 
..... " 
·C 
5 
-30 
!O19~ 
-45 
~7~ 
8019~ 
60 
0 
-10 
.,........,. 
boo. 
~, 
-20 ....... 
0.0 
-30 
-1m) 
-40 
0 
1 Suggate (1965), Suggate & Hoar (1970), Hansergh (1973b), Hoar & Suggate (1973), 
Fleming (1972), Grant-Taylor (1964), Porter (1975); 2 Milne (1973 ); 
3 Hendy & Wilson (196B); 4 Johnsen, Dansgaard, Clausen & Langway (1972). 
5 Barkov, Godiyenko, Korotkevich & KDtlyakov (1975); 6 Schofield (1963). 
Figure 2.6. Climatic variation during the Otira 
Glaciation (from Burrows, 1978). 
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limits and 
4,4," 
shoreline (90 metres isobath) at 
the Otira glacial maximum 
(redrawn from Maar 7 3b) • 
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development of forest in mountains later 
at about 10 000 yr B.P. There is little conclusive 
proof of a major change in post-glaci climate since then. 
Subsequent fluctuations in climate recorded mainly by 
glacial advances have been minor and have been of 
diminishing magnitude. Climate variations in the last 
1 000 years in the South Island probably involved 
o temperature changes of not much more than ± 0.5 C (Burrows 
& Greenland, 1979). In Canterbury these variations are 
only evident from minor glacial advances (e.g., McGregor, 
1967; Burrows, 1973; Burrows & Russell, 1975; Burrows & 
Maunder, 1975). They are not recognized from the 
structure of Canterbury forests and are of too small a 
magnitude to be recorded by pollen diagrams. 
2.3 VEGETATION 
2.3.1 Preface 
Godley (1975) provides a good general account of the 
vegetation of New Zealand and Holloway (1954) covers the 
forests of the South Island. Fig. 2.8 shows the main 
forest types and their distribution in the South Island. 
The most notable features are the absence of beech forest 
from the central South Island ranges and the extensive 
podocarp forests of central Westland compared with the very 
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limited forests across the Main Divide in inland Canterbury. 
The vegetation of the central South Island is covered 
more detail by Wardle (1960) and Chavasse (1962) for 
Westland and by various authors in Knox (1969) for Canterbury. 
The broad altitudinal distribution of vegetation types 
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across central South Island is outlined in g. 2.9. An 
altitudinal zonation of vegetation proposed by Burrows 
(1967) (Fig. 2.10) for mid-Canterbury serves as a framework , 
within which to briefly describe the vegetation of montane 
Canterbury. 
2.3.2 Forest 
The forests of Canterbury ( . 2.11) are largely 
res cted to the mountains and foothills and are predominantly 
of mountain beech (Nothofagus solandri var, cliffortiodes). 
A few scattered remnants of a former Podocarpus spicatus, 
P. totara, P. dacrydioides podocarp forest occurs throughout 
lowland Canterbury and on Banks Peninsula. Podocarp forest 
in the mountains is restricted to the headwaters of the 
Wilberforce, Mathias, Rakaia, Lawrence, Clyde and Havelock 
rivers, and also occurs at Mt. Peel and the Hunters Hills 
in South Canterbury. The forest is patchy and is a species 
poor upland variant of the lowland forest type. Podocarpus 
hallii and Griselinia littoralis are the dominant canopy 
elements, and a varied understorey of evergreen shrubs and 
lianes is usual present. Libocedrus and Metrosideros 
may be occasionally present but kamahi (Weinmannia racemosa) 
probably the most common tree species in New Zealand 
forests, is rare. The forests may grade into, or form 
mosaics with, tall Phyllocladus alpinus stands. 
These upland Canterbury podocarp forests are fragmented 
and are of varied composition compared with the extensive 
Nothofagus beech forests. 
The beech forests are very simple in composition, with 
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Figure 2.10 Altitudinal limits of vegetation in mid-Canterbury 430 S. (after Burrows, 
1967) . Zone limits are irregular and vary from the general limits given. 
In the drier eastern ranges snowline is higher by up to 300 m and grass-
line lower by 150-300 m. Zone limits are lower in the central mountains 
and near glaciers and are altered where there has been a history of fire. 
Figure 2.11 Distribution of indigenous forest in 
central South Island including 
Canterbury, (from New Zealand 
Indigenous Forests, South Island. 
N.Z. Forest Service Mappi ng series 
No. 15, 1st Edition, 1974). 
~ PODOCARP 
(FSM S 6 Class L) 
~ 
~ 
~ 
D 
D 
<l 
Forest of abundant podocarps 
LOWLAND PODOCARP - HARDWOOD 
Virgin or lightly logged podocarp - hardwood forest 
below the altitudinal limit of rlmu 
(FSMS 6 Classes 0, E, F, M, Pt G) 
LOWLAND HARDWOOD 
Residual and second growth forest below the 
altitudinal limit of rimu and minor areas of 
natural pure h.ardwood forest 
(FSMS 6 Classes N, S, Pt P) 
UPLAND PODOCARP - HARDWOOD 
Virgin or lightly logged podocarp - hardwood 
forest above the altitudinal limit of rimu and 
mlno. areas of natural pure hardwood forest 
(FSMS 6 Classes Pts G, P)-
PODOCARP - HARDWOOD - BEECH 
Virgin or lightly logged forest of mixed podocarp 
- hardwood and beech below the altitudinal 
limit of rlmu (FSMS 6 C asses H, I) 
HARDWOOD - BEECH 
Residual or second-growth forest and minor areas 
of natural pure hardwood-beech 
(FSMS 6 Classes 0, T) 
BEECH 
Virgin and lightly logged or second-growth forests 
predominately composed of beech 
(FSMS 6 Cla sses J, K) 
Isolated stands of silver beech 
occurring within the "beech gap" 
in Canterbury. 
/ 
/ 
, 
'f-' 
~ 
G 
\ 
/ 
mountain beech being the main species and indeed the sole 
species in the forests of most of the Waimakariri catchment 
and in the Harper-Avoca catchments in the Rakaia. The 
beech forest understorey is typically sparse and is florist 
ically poor compared with that of podocarp forests. It 
may be limited to a ground cover of divaricating shrubs 
(e.g., Coprosma spp) in wetter areas; the ground fern 
PoZystichum vestitum in drier areas; or may be entirely 
depleted by the introduced red deer (Cervus eZaphus) 
and possum (Trichosurus vuZpecuZa). Red beech (No tho fagus 
fusca) and silver beech (Nothofagus menziesii) are both 
abundant in the Waiau and Hurunui forests and in the upper 
Poulter River and the Otehake tributary of the Taramakau 
across the Main Divide. Red beech is also present in some 
of the eastern tributaries of the Waimakariri River, and 
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a stand at Mt. Oxford forms the southern limit in Canterbury. 
Isolated small stands of silver beech however,occur 
southward throughout an area otherwise without beech forest 
(the "beech gap") in Canterbury_ Fragments of silver beech 
forest occur at the Hawdon River in the Waimakariri water-
shed, Mt. Somers, Lake Stream,the South Opuha River near 
Burkes Pass I Coal Creek in the eastern Hunters Hills, and 
at Governors Bush near Mt. Cook. Hard beech (Nothofagus 
truncata) has not been found in Canterbury and the presence 
of true black beech (N. soZandri var. soZandri) is 
uncertain. Mountain totara (Podocarpus haZZii) occurs 
scattered throughout most beech rest, being usually more 
common in the drier eastern ranges. Where beech 
forest adjoins podocarp forest mixed types of forest 
occur. 
2.3.3 Suba ine scrub 
A belt of subalpine scrub commonly occurs between the 
montane forests of the lower slopes and the alpine grass 
lands and subnival herbfields above. This belt varies 
widely in composition and extent and in some dry areas 
may not be present above beech forest at all. It is best 
developed in high rainfall areas such as the Westland 
mountains and is less extensive on the drier eastern flanks 
of the Main Divide. In Canterbury the most extensive 
areas of subalpine scrub are present within the "beech gap" 
in the upper Rakaia and Rangitata catchments. A variety 
of habitats influenced by dryness, unstab slopes, and 
often a long fire history, results ln a complex of 
communities in which shrub species of Dracophyllum, 
Coprosma, Olearia, Senecio, and Hebe, are common together 
with Phyllocladus alpinus and Podocarpus nivalis. Wardle 
(1969~ provides more detail. 
2.3.4 Alpine and subalpine grassland 
Extensive alpine and subalpine tussock grasslands 
lie above the forest and subalpine scrub. Some five 
species of snowgrass (Chionochloa) are dominant and provide 
most of the cover. Herb fields and unstable fell fields 
occur within and above the alpine grasslands and include 
a wide variety herbaceous, semi-woody and small woody 
species. Many species have wide ecological to rances and 
are widespread throughout the Southern Alps. However 
Burrows (1965) has demonstrated the existence of distinct 
endemic distribution patterns. The alpine flora of 
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Canterbury is shown to be unspecialized and drawn from 
species common to the Alps as a whole, in contrast with 
the alpine floras of Nelson-Marlborough and Otago-Southland 
which display high degrees of endemism. Generalized 
distributions are given by Burrows (1969a). The patterns 
of the distributions match that for beech. 
2.3.5 Po lacial his - South Island 
------~--------------~-----------------
The present day distribution of vegetation in the 
South Island is largely the result of historical 
factors including glaciation, climate variation and fire 
(both natural and man-made) . The "beech gap" in the 
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central South Island mountains, and also the northern and 
southern ranges of endemism in the alpine flora, are 
attributed respectively by Wardle (1963), and Burrows (1965), 
to obliteration of vegetation in the severely glaciated 
central Southern Alps during the last (Otira) glaciation; 
a view first proposed by Cockayne (1926) and later by 
Willett (1950). The isolated Nothofagus menziesii stands 
within the "beech gap'l in Canterbury (their origin long a 
source of conjecture) are now generally thought to be 
derived from icts that have somehow survived the Otira 
Glaciation (e.g., Molloy & Cox, 1972). Differential 
adjustment to post-glacial conditions is still going on 
(Moar, 1971; Moar & Lintott l 1977) I and the pattern has 
been further complicated by climatic oscillations and 
fire episodes (Molloy, 1969a). 
Post-glacial development of the vegetation in the 
Southern Alps may be summarized in the five pollen zones 
of Moar (1971): 
1. Grassland Shrub land 
2. Shrubland 
3. Podocarpus forest (in north Westland, Weinmannia 
forest) 
4. Nothofagus forest (in north Westland, Dacrydium 
cupressinum forest) 
5. Deforestation only recognised in Canterbury. 
Table 2H provides more detail. 
The timing of these changes in vegetation type 
broadly known, but as yet, insufficient dates are available 
for the complexity of the progression to be revealed. 
The end of the Otira glaciation has been taken as 
occurring 14 000 years ago (Suggate, 1965). It is likely 
that. grassland and shrubland vegetation already existed in 
inland Canterbury at this time. 
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Forest (podocarp) expansion in the South Island probably 
occurred about 10 000 years ago but is not necessarily thought 
to have been a synchronous event (Moar, 1971). 
The spread of beech forest in the South Island has been 
shown to be diachronous in Westland by Moar (1971). Radio-
carbon dated pollen diagrams from several north Westland 
sites have shown that the spread of beech occurred at 
sequentially later times southward from Nelson over a 
period of more than 5 000 years The spread of beech 
forest in eastern South Island has not been extensively 
or prec ly dated and its metachroneity has not yet 
been established. Radiocarbon dates from the Cass district 
show that beech began to spread sometime between 5 000 
and 8 000 years ago (Lintott & Burrows, 1973, Burrows 
unpub.) . 
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Table 2H Patterns of post-glacial vegetation development west and east of the 
Main Divi , South Island (modified from Moar 1973b) . 
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ca. 70 m 
Dacrydium 
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/
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I 
I Coprosma/ Nyz:sine 
I 
I BELL HILL 
ca. 160 m 
West East 
CROOKED 
MARY CREEK 
ca. 420 m 
CASS BASIN 
ca. 660 m 
I 
I
. RUBICON CK. 
ca. 500 m 
CASS ROAD 
ca. 130 m 
I TIJVf,ARU 
ca. 30 m 
~, ________________ ~I _______ Deforestation __________ ~----------~ 
Dacrydium 
cupressinum 
+ Nothofagus Q.) 
'0 
---------------- Nothofagus 
Dacrydium 
'rl 
:> Nothofagus 
.~ 
o cupressinum 
Weinmannia 
Coprosma/ 
Myrsine 
Gramineae 
Phy LLoaladus/ 
Podooarpus 
PDhYZZdo:zaduS/ri -:~~!!~=!~~=~----
aery ~um . 
bidwiZZii Dacryd~um 
bidwi Hii 
Gramineae 
i 
I 
Nothofagus/ 
Po do carp us 
Podocarpu8 
PhyZZocZadus 
I Gramineae 
Nothofagus/ 
Podocarpus 
Podocarpus 
PZagianthus 
In Canterbury the extensive struction of forest by 
fire (almost certainly of Polynesian origin) is recorded 
by pollen diagrams and widespread forest charcoals 
throughout the mountains and plains. Radiocarbon dates 
from a number of sites concentrated in the Cass dist ct 
place the occurrence of this event fairly reliably between 
500 and 600 years ago (Molloy, 1977). Elsewhere in many 
parts of the eastern South Island there is a similar range 
of dates for Polynesian fires. 
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CHAPTER 3 
METHODS 
3.1 FIELD 
Sampling was carried out using a Hiller corer with 
a 30 cm x 2 cm chamber. Specif sites for boring were 
chosen after probing to find the deepest part of each bog. 
Samples were extracted alternately from two holes about 
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30 cm apart in order to reduce down-hole contamination. 
After the sediment type had been noted, the chamber was 
sampled at 5 cm intervals with a spatula and the samples 
were stored in glass vials. The residue was then examined 
for macrofossils. A handful of moss formed the surface 
sample at all sites except Mt. Somers where the topmost 
0.5 cm of tarn sediment was used. 
Samples for radiocarbon dating of the main diagrams 
(Quagmire Tarn, Raupo Pond) were collected at the requisite 
depths after rough pollen profiles had been constructed. 
The great depth of sediment encountered at Raupo Pond 
permitted the dating of only the most recent major change 
in vegetation the spread of beech. A Hiller corer of 50 
cm x 10 cm chamber size was needed in order to obtain a 
large enough sample. The 14C sample was taken from the 
centre of the chamber and pollen samples taken the length 
of the chamber were later analysed to provide a position 
check by fit on the pollen diagram. 
3.2 LABORATORY 
o Samples were stored at 4 C. The standard potassium 
hydroxide, hydrofluoric acid, acetolysis, stain technique 
as outlined in Faegri & Iversen (1964) was used. Difficult 
samples required variations or repeats of this basic treat-
ment and/or further oxidising or dispersive treatments, 
e.g., Faegri & Iversen (1964); Kummel & Raup (1965); 
Lennie (1968); McIntyre & Norris (1964). Samples were 
mounted in glycerine jelly on two slides. The initial 
identi cation of pollen and spore types was carried out 
with the help of Dr. N.T. Moar and the DSIR Botany Division 
pollen reference collection. The level of unknowns in 
anyone sample was not allowed to exceed 2% and was for 
the most part far less than 1%. Residues obtained in the 
course of pollen extraction were examined for macrofossils. 
Radiocarbon samples were checked for carbon content 
and air dried before being dated at the New Zealand 
Institute of Nuclear Sciences, Wellington. Samples were 
'whole sediment' samples untreated in any way apart from 
drying. 
An attempt to check for modern atmospheric pollen 
contamination in the laboratory was made. Vaseline-coated 
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catch slides were exposed on the workbench and in the fume 
cupboard during the preparation of all samples. The slides 
were simply checked by immersing in stain, air drying and 
scanning. No significant contamination was found to be 
present. 
Slides were traversed at half field diameter spacing 
at a routine magnification of 400x until a minimum count 
of 200 pollen grains or spores of land plants was achieved. 
Many authors have used very different counting sums depend~ 
ing on the areas and purposes of study, e.g., Jorgensen 
(1963,1965); Coetzee (1967); Dodson (1974). Much thought 
has also been given to the statistical errors in the 
production of a pollen diagram with the size of the 
counting sum receiving attention, e~g., Faegri & Iverson 
(1975) . The generally accepted minimum counting sum of 
200 pollen of land plants was chosen with one simple 
running check being made for each zone of each diagram. 
This consisted of increasing the counting sum in steps of 
25 until fluctuations in the percentage frequencies of the 
important taxa smoothed out. In the early scrub-grassland 
zones the smoothing point tended to occur at values 
greater than 200 and counts of around 300 to 400 were used 
where pollen numbers permitted. 
3.3 DIAGRAM CONSTRUCTION 
The diagram used is the standard percentage repre 
sentation format originally proposed by von Post (1916) 
and followed with minor variations by many workers 
throughout the world. 
3.3.1 Analysing Interval 
The interval between analyses was shortened until 
reasonably smooth curves were established in the pollen 
profiles of the main taxa Assuming a constant rate of 
deposition (judged from the radiocarbon-dated sequences) 
this resulted in an analysing interval of about 500 years 
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for all diagrams except Mt. Somers where the interval may 
be about 1 000 years. Points of special interest in the 
pollen diagrams were analysed at closer intervals as 
desired. 
3.3.2 Pollen Sum 
As Faegri & Iversen (1975) have pointed out, the 
choice of taxa to be included in the pollen sum depends on 
the purpose of the investigation and on the nature of the 
vegetation involved. As the purpose of this study is to 
examine the Aranuian development of forest vegetation, the 
hydroseral changes are not examined in detail. Spores 
and pollen of aquatic plants are excluded from the pollen 
sum. Pollen and spores from the on-site bog plants are 
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so excluded from the pollen sum. Care has been exercised 
in deciding whether the represented taxa are part of the 
on-site vegetation or not. The decision in marginal cases 
such as Cyperaceae is somewhat arbitrary. In general, 
the pollen type is excluded from the sum if macrofossils 
of the parent plants are abundant in that part of the 
profile/or if gross over-representation is present causing 
distortion of the pollen spectrum. The representation of 
insect-pollinated plants poses obvious problems. Pollen of 
entomophilous plants is included in the sum except where 
gross over-representation is considered to have occurred. 
The problems surrounding the relationships of the 
counted pollen with the in situ pollen, the in situ pollen 
with the pollen rain, and the pollen rain with the parent 
vegetation are numerous and complex. The problems 
accompanying data representation are equally so. A pollen 
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diagram is an attempt to present the data in an easily 
assimilated form and is necessarily an imperfect record. 
A careful interpretation of a pollen diagram therefore 
demands a knowledge of the limitations inherent in s 
construction and an appreciation of the factors involved 
pollen production, dispersal, preservation, and 
recovery. These problems representation are well known 
and will be discussed only in relation to the interpretation 
of the data in this study. 
The pollen sum for all the main diagrams except 
Springs Bog comprises total pollen of land plants. In 
the Springs Bog diagram where interest lies in the composi-
tion of the beech forest, the pollen sum is total pollen of 
Nothofagus. Various pollen sums are used in special 
purpose supplementary diagrams. 
3.3.3 Format 
Layout is similar to other diagrams from the South 
Island to facilitate comparison. The taxa are broadly 
grouped into naturally occurring, present day, communities 
. . 
arranged so that progression of change is clearly seen. 
A summary diagram is included wherever is thought to be 
useful. 
Individual pollen profiles are not continued towards 
a sample point where pollen of that type not present. 
If at least one grain is recorded then the adjacent traces 
are brought to zero at that point. 
'Trace' s are frequenc ss than 1% and are 
represented in the diagram by abbreviation or vertical dash. 
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'Trees' the summary diagram includes Nothofagus, 
Podocarpus, Dacrydium cupressinum and PhyZZocZadus which is 
classed here as a tree although more usually regarded as a 
shrub (e.g., Moar, 1971). Where dominant today in the 
Rakaia headwaters PhyZZocZadus aZpinus forms a low forest 
with a tight, even canopy 6 m or more high. However, 
naturally some pollen at least will have derived from shrub-
sized plants. 
3.3.4 Zonation 
The diagrams are zoned according to the predominant 
pollen type in order to aid description and interpretation. 
Positioning of zone boundaries can be difficult where the 
ranges of successive dominant pollen types overlap. The 
convention observed in lineating zones is that a zone 
boundary is drawn at the foot of the rise to dominant 
values of that pollen type which characterizes the zone. 
upper limit of a zone is therefore defined by the 
curve of the characteristic pollen type of the succeeding 
zone. 
The pollen zones are based on the pollen data alone 
but are not in any sense formally fined and named 
biostratigraphic units (c.f. Geological society of New 
Zealand Guide to Stratigraphic Nomenclature, 1967). The 
pollen zones in the local chronologies erected for each 
site are named for the te, so that their identity is 
retained when being discussed or correlated. 
This general usage of zone conforms with the findings 
of the Royal Society of New Zealand Report on Stratigraphic 
Nomenclature in New Zealand Quaternary (1977). 
3.3" 5 Conventions used 
Pollen and Palynomorphs may often only 
be identifiable to generic or family' level Some of 
these groupings represent a col tion of species which 
includes a wide variety of form and/or habitat, e.g., 
Compositae, Podocarpus, Coprosma, Nothofagus fusca type. 
Other identifications may more specific, e.g., 
Podocarpus dacrydioides. A knowledge of the local 
vegetation, and of spec s distribution patterns and 
habitats often permits a more specific iden fication 
of the plant likely to be represented, (e.g. Phyllocladus 
as almost certainly entirely P. alpinus pollen). 
Confirmation is often provided by macrofossil evidence. 
This becomes evident in the text. 
'Nothofagus fusca type' includes the pollen of all 
Nothofagus spec s*except N. menziesii. Mountain beech, 
Nothofagus solandri var. cliffortioides is likely to have 
been the species represented in the Raka and Mt. Somers 
diagrams but N. fusca could also be represented in the 
Lake Sumner district sites. 
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iPodocarpus l includes the pollen of all Podocarpus 
species except P. dacrydioides which is easily distinguished 
by its three bladders. The forest species P. totara 1 
P. hallii, p. spicatus, and p. ferrugineus, may be considered 
to be the main contributors. Pollen of these species 
were not able to be consistently distinguished, but 
subjective estimations of dominance (dominant/not dominant) 
could be made for P. spicatus, P. ferrugineus, and 
P. totara/P. hallii. In the Rakaia region P. hallii 
:t N. fusca, N. truncata, N. soZandri var. soZandri" and N. soZandri 
var. cZiffortim:des. 
is thought to have been the main species represented, 
although some pollen of the shrub P. nivalis is probably 
present, more particularly in the early scrub phases. 
'Dacrydium bidwillii type' includes the pollen of 
Dacrydium bidwillii, D. biforme and D. laxifolium. The 
main contributor is probably D. bidwillii although 
D. biforme may assume importance at high altitude sites. 
D. laxifolium is uncommon in the study areas. 
'Monolete ' and 'Trilete' respectively include all 
monolete and trilete fern spores. 
Sediment s. All attributes were described in the 
-----------~~--
field from the fresh cores. In description, each 
adjective qualifies the following one with the last 
adjective describing the predominant attribute. Thus 
grey brown silty sand is vastly different from brown grey 
sandy silt. 
'Micromud' - fine organic mud in which no organic 
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or mineral component can be distinguished by sight or feel. 
'Macromud' - organic mud in which organic structures 
are evident by feel and to the unaided eye. 
Location in relation to site. 
'On-site' refers to the nearest non-aquatic 
vegetation to the coring site. At the forested site this 
would include any immediate marginal shrub zone and the 
first few metres of surrounding forest. 
'Local' - within about I to 2 km of the site. 
'Extra-local' - within the valley in which the site 
is situated. 
'Regional' central South Island including Westland, 
mid-canterbury and North Canterbury. 
Radiocarbon dates. All l4C dates are given in years before 
present (B.P.) which is 1950 by convention. The dates are 
based on the Libby l4C half Ii of 5 568 years and are 
uncorrected for secular effects. 
Current work in New Zealand is showing that 14C dates 
from untreated charcoal, wood, and peat material are unre-
liable (e.g., Goh & Molloy, 1972, 1978, 1979; Molloy 1977; 
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Goh et al., 1978). Major factors involved are: firstly, sample 
contamination by younger carbon in the form of translocated 
soluble soil organic compounds causing younger-than-true 14C 
dates; and secondly, the wide age-range of wood that is ava 
able for burning in a forest fire (trees of 1 000 year lifespan) , 
which leads to older-than-true dates. Pretreatment techniques 
to remove younger carbon results in improved reliability, 
The variability of these errors means that systematic 
correction is unlikely and it is difficult at this early stage 
to be able to estimate the reliability of the radiocarbon dates 
in this study which were obtained several years ago from un-
treated material. 
Ranges of error for dates of Polynesian fires are likely to 
be of the order of 200 years (e.g., Molloy, 1977 p16l) and are 
probably caused mostly by the age-range of the wood burnt. In 
older materials contamination by younger carbon becomes more 
important, and true ages could be 500 to 1 000 years older (e.g., 
Phyllocladus/Podocarpus charcoal untreated - 6 720±100 yr B.P., 
pretreated - 7 450±70 yr B.P. (Molloy, 1977); peat untreated -
9 6l0±100 yr B.P., pretreated - 10 050±100 yr B.P. (Goh et al., 
1978)) . 
ations. As detailed in Table 3A. 
-=---------------------------
Table 3A Abbreviations and symbols associated 
with pollen diagrams. 
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PLANTS 
A Ascarina Mr Myrtaceae 
Ac Acaena Mu MuehZenbeckia 
Al Araliaceae My Myrsine 
Ar AristoteZia Nf Nothofagus fusca 
Az A zo Z Za Nm Nothofagus menziesii 
Ca Casuarina Ns Nothofagus soZandri 
Ch Chenopodiaceae var. c Ziffortioide s 
Co Coriaria 0 Onagraceae 
Cy Caryophyllaceae P PZagianthus 
D Dacrydium bidwiZZii type Pa Papilionaceae 
Dr DracophyZZum Pd Podocarpus dacrydioides 
E Elaeocarpaceae Ph Podocarpus haZZii 
Eh EZaeocarpus hookerianus Po PZantago 
Ep EpiZobium Pr Phormium 
G GriseZinia Ps Phymatodes 
Ga GaZium Pt Potamogeton 
Ge Gentiana Pw Pseudowintera 
Gr Geranium Px Pseudopanax 
Gu Gunnera Py PhyZZocZadus 
H Hoheria R Rosaceae 
Ha HaZoragis Ra Ranunculaceae 
Hm Hymenophyllaceae T Tupeia 
Hy HydrocotyZe Te Tetrad 
L Leptospermum Th Thymelaeaceae 
Li Libocedrus U UmbeIIiferae 
Ly Lycopodium W Weinmannia 
M Metrosideros 
Mo MyriophyZZum 
Table 3A (cont.) 
... to .. ., ., 
[ L L L 
L !. \.. \.. 
L L L L. 
l L L t. 
~).A;'1. 
1lA"A'"A. 
I\A)'r.f.. 
'k1. 
SEDIMENTS 
micromud 
macromud 
silt and sand 
clay 
rootlets 
water 
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COLOURS 
y yellow 
B brown 
G grey 
U blue 
R red 
o orange 
x black 
L light 
D dark 
Sphagnum peat SITES 
c c c 
c c c 
c c c 
charcoal 
sedge leaves 
or peat 
fibrous, or 
fibrous roots 
fibrous sedge 
peat 
rock 
QT Quagmire Tarn 
WT Windy Tarn 
MS Mt. Somers 
BS Blondin Stream 
RP Raupo Pond 
SB Springs Bog 
A.P. Arboreal pollen 
N.A.P. Non arboreal pollen 
L D.D. Long distance 
dispersal 
SITES 
4.1 CHOICE OF STUDY SITES 
Prospect Hill in the Rakaia valley fulfilled several 
requirements. It was close to contacts of beech forest 
with montane podocarp forest; it was near to one of the 
isolated occurrences of silver beechi and was in a truly 
montane situation close to the Main Divide unlike other 
Canterbury sites. Good sampling sites were available 
on moraines whose stratigraphic relations were being 
worked out (Burrows & Russell, 1975) and the forests in the 
area showed evidence of considerable alteration by fire. 
Two sites were chosen, Quagmire Tarn and Windy Tarn. 
A short Nothofagus menziesii pollen record at Prospect 
Hill failed to conclusively demonstrate that the anomalous 
distribution of this species in montane Canterbury could 
be due to local survival during the late Otira glacial. 
This led to a search for an eastern survival site in the 
frontal ranges. The nearest Iver beech was present 
at Mt. Somers some 40 km distant. A high altitude site 
(Mt. Somers) and a low altitude site (Blondin Stream) 
were chosen to cover both hillslope and lowland habitats 
and also to permit an insight into the past relations of 
hillslope to upper plains forest. 
Sites were located in the Lake Sumner district in 
order to investigate the Aranuian development of forest 
and the spread of beech in the montane forests north of 
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the Cass and Lake Heron districts; to examine the history 
of the important silver beech forest component there; and 
to determine the history of fire in the area. Sites 
were available within mapped moraines. The initial site 
(Springs Bog) to the west of Lake Sumner the Hurunui 
Valley was shallow and proved to have too short a history. 
Raupo Pond in the Sisters Stream valley to the south of 
Lake Sumner and further away from the Main Divide than 
Springs Bog, proved to be a satisfactory site. 
Each site described in terms of location, site 
physiography, local and extra-local vegetation, and 
relation to the vegetation of neighbouring catchments. 
4.2 RAKAIA SITES 
Prospect 11 (Figs. 1.1, 4.1, 4.2) is situated 
in the upper Rakaia valley at the confluence of Lake Stream 
and the Rakaia River. It is a broad expanse of rolling 
downland consisting of bedrock covered by superficial 
glacial deposits, with a low summit (888 m) at the 
northern end which juts out into the Raka val 
Moraine of the Lake Heron advance of the Rakaia glacier, 
correlated with the Poulter advance of the Otira 
Glaciation in the Waimakariri valley (Soons, 1963; Burrows 
& Russell, 1975), complete covers Prospect Hill, while 
a moraine from a later advance of the Rakaia ice (Lake 
Stream advance) is plastered against the northern part not 
quite overtopping the peak. 
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Figure 4.1 Rakaia - Lake Heron 
general site area map. 
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"a) Pros~ect Hill~ showing Prospect Hill peak (left-
centre), Lake Stream moraine (curving around the 
peak), Windy Tarn (right-centre), and Rakaia 
River. View: south-west. 
b) Prospect Hill and Lake Stream Valley~ showing 
Prospect Hill peak (foreground, left-centre), 
Quagmire Tarn (centre), Lake Stream moraine 
(right foreground), Lake Heron barely visible 
right of the conical hill in centre background. 
Windy Tarn is just out of view below right-
centre. View: south. 
Figure 4.2. Prospect Hill, Upper Rakaia Valley. 
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4.2.1 re Tarn (NZM8 1 873 1st Ed. 1969 G.R. 
664821; alt. 740 m; Fig 4.3). 
This site lies in a depression in Lake Heron moraine 
on the southern part of the Prospect Hill downlands. 
Quagmire Tarn is about 160 m x 60 m in size with a depth 
of over 2 m. The northern end is encompassed by an 
extensive peat bog which has the appearance of damming 
and encroaching upon the tarn. The tarn at this end is 
shallow (c. 10 cm) with a gently shelving bottom of soft 
yellow-brown mud in contrast to the deeper (c. 1 m) stone 
and boulder bottom of the southern end. There is no inlet 
stream and drainage is by seepage through the peat and by 
overflow via a channel at the south end. No aquatic 
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vegetation is present except some Potamogeton cheesemanii 
plants in the shallows near the margins on which a few 
Dacrydium bidwiZZii bushes grow. The peat bog is moist and 
firm and is basically Sphagnum colonized by tussocks 
(ChionochZoa rubra and some Festuca novae-zeZandiae), and 
sedges with a variety of small native herbs (Appendix II) . 
The gentle slopes immediately surrounding the tarn are 
covered with a ChionochZoa rigi , Festuca novae-zeZandiae/ 
CeZmisia spectabiZis grass rb community. 
The coring site is located on the peat at the northern 
end of the tarn and about 2 m from the tarn's edge. The 
stratigraphy is described in Appendix I. 
4.2.2 Windy Tarn (NZM8 1 873 1st Ed. 1969 G.R. 
654840; alt. 750 m; Fig. 4.4). 
This site is also situated on Prospect Hill but on the 
Figure 4.3 
Figure 4.4 
Quagmire Tarn site. 
Coring site : x 
View : east. 
Windy Tarn site. 
Coring site : x 
View : north/north-east . 
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northern side and virtually in the Rakaia valley whereas 
Quagmire Tarn, some 2 km to the south-east, is more within 
the Lake Stream valley. 
Windy Tarn lies in a small basin in Lake Stream 
moraine directly beneath the summit of Prospect Hill. The 
tarn is approximately 80 m x 30 m in size, floored with 
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fine mud, and is about 2 m to 3 m deep, shallowing to about 
0.5 m at each end. Its dark waters support a few Potamogeton 
plants at both ends. A compact bed of fibrous Sphagnum 
peat surrounding the tarn forms vertical banks and extends to 
the base of the surrounding slopes. A small outlet channel 
drains directly downslope into the Rakaia River. There 
are no inlet streams. A few clumps of sedge and an occasional 
ChionochZoa pubpa tussock grows on the tarn banks but the peat 
is mainly covered by a colonizing Festuca novae-zeZandiae 
association derived from the surrounding slopes which also 
bear a few Discapia toumatou bushes. A 2 m to 3 m wide strip 
bordering the eastern margin of the tarn is bare of tussock 
and supports a low association of tough herbs. The immediate 
slopes are covered with Festuca novae-zeZandiae grassland 
which is largely free of CeZmisia spectabiZis. A sward 
containing Agpostis tenuisgrows between the tussocks. 
The coring site is located in the middle of the herb-rich 
strip bordering the eastern edge of the tarn. The 
stratigraphy is described in Appendix I. 
Prospect Hill and downlands is covered by a fire-
induced grass-forb association in which CeZmisia spectabiZis 
is often dominant over the Festuca novae-zeZandiae tussock, 
57 
forming a close carpet. . Other grassland components include 
scattered patches of Aciphylla aurea, chest high Chionochloa 
rigida and some Chionochloa rubra, Phormium cookianum and many 
small herbs. Woody vegetation is not common. Discaria 
toumatou is occasionally abundant on alluvial surfaces and 
on some of the steeper faces where Hebe salicifolia and 
Coprosma spp. may also be present. Apart from a few 
cabbage trees (Cordy line australis) scattered on the open 
hillside, tree vegetation is restricted to very small 
forest remnants of broadleaved evergreen species (spe es 
list Appendix II) present in sheltered gullies where the 
ground fern Polystichum vestitum is usually abundant. 
A single silver beech tree with no adjacent juvenile ants 
stands in the tussock grassland about 1 km north of Quagmire 
Tarn, a Ii under 2 km from its nearest neighbours in 
the forest stand at Downs Hut. Large windfall dimples 
on Pros t Hill demonstrate the former presence of forest. 
The mountains and hills in the vicinity of Prospect 
Hill are generally bare of woody vegetation (e.g., g. 
4.1), a reflection of a f history, A few modified forest 
remnants persist on low faces in small tributaries of the 
Rakaia and Rangitata catchments. Elsewhere, as in the Lake 
Heron basin and the upper Ashburton catchment, the vegetation 
is predominantly Festuca novae-zelandiae and Poa colensoi 
tussock grassland. Chionochloa rubra may be dominant on the 
valley floorj and on the lower slopes, fans, and terraces, 
c. gida and Celmisia spectabilis are usually prominent. 
On higher slopes (above c. 1 000 m) snow tussock grassland 
dominated by Chionochloa gida and C. macra form the main 
cover, which is often broken by extensive screes. Patches of 
beech forest dominated by mountain beech with associated 
silver beech are present in some of the lower tributaries 
of Lake Stream. In general a sparse understorey of broad-
leaved evergreen species may be present within the beech 
forest in moist positions of southerly aspect (e.g., Downs 
Hut forest, Appendix II). The habitats of silver beech in 
this area vary. Although occurring in the valley bottom 
and sheltered south facing slopes in the forest at Downs 
Hut, silver beech is present in dry and relatively exposed 
locations elsewhere (e.g.,Washbourne Creek, Nell Stream 
and Charlie Stream (Fig. 4.1). Silver beech distribution 
appears here to be related to the presence of ancient and 
degenerate silver beech trees, i.e., historical factors, 
rather than ecological. In the upper Rakaia Valley, 
mountain beech occurs in scattered patches from about the 
Wilberforce to just west of Manuka Point homestead, as 
well as in the Lake Stream tributaries. Mountain beech 
is also extensive in the lower Mathias valley, at Mt. 
Algidus and in the lower Wilberforce where an apparently 
natural timberline* of 1 310 m is formed (Wardle, 
1970) . Pure mountain beech forest is present in the 
Harper River and small remnant patches are present in 
gullies about Lake Coleridge and in gully heads on the 
south bank of the Rakaia from Lake Stream down to the 
Rakaia Gorge. On the west bank of the lower Washbourne 
Stream (locally known as Thompson's Creek) previously 
unrecorded small stands of pure silver beech are scattered 
upslope and stand out from the scrubby patches of broad-
leaved forest of Griselinia littoralis, Pseudopanax 
* sensu (Wardle, 1965). 
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crassifolius, Sophora microphylla and Hoheria glabratao 
(c.f. Holloway, 1954; Wardle, 1970). The silver beech 
stands there are mature and non-regenerating and have the 
appearance of being the remnants of a large patch of 
forest now obliterated by shingle slides. 
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In the uppermost reaches of the Rakaia, Mathias and 
Wilberforce valleys the forest is a mixture of types 
dominated by mountain totara (Podocarpus hallii), 
Phyllocladus alpinus, Griselinia littoralis, Hoheria 
glabrata, Pseudopanax crassifolius, with Libocedrus bidwillii 
in the Mathias and Wilberforce (Wardle, 1970), and (one 
small stand) near the Reischek Stream in the Rakaia valley. 
The forest merges at about 900 m into subalpine scrub 
consisting of varying proportions of Phyllocladus alpinus, 
Dracophyllum longifolium, Podocarpus nivalis and many other 
species as detailed in Appendix II. 
More distant forests are: to the north-west over the 
Main Divide, the Westland montane and lowland forests of 
Metrosideros umbel lata, Weinmannia racemosa and Dacrydium 
cupressinum respective i to the north-east, the mountain 
beech forests of the Waimakariri catchment; to the south-
west the isolated stands of depauperate podocarp-broadle 
forest and mountain beech forest respectively in the upper 
and middle (Potts - mid-Lawrence area) reaches of the 
Rangitata; and to the south-east, the beech forests of Mt. 
Somers where the Mt. Somers and Blondin Stream sites are 
located. 
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4.3 MOUNT SOMERS DISTRICT SITES 
Mt. Somers (alt. 1 687 m, Figs. 1.1. 4.5, 4.6) is situa~ 
ted on the eastern outskirts of the Southern Alps overlooking 
the Canterbury Plains and forms the south~eastern corner 
of the larqe block of mountains between Lake Heron and the 
Rakaia Gorge. Blondin Stream is a small tributary of the 
South Ashburton River close to Mt. Somers and a little low 
the Ashburton Go The valley is incised about 150 m 
into the high moraine surface of the Magazine glacial 
advance (H.W. Keene, pers. comm.). The Mt. Somers site 
is a high level subalpine site, while the Blondin Stream 
site is a low level plains site. 
4.3.1 Mount Somers (NZMS 1 S8l 2nd Ed. 1970 G.R. 
858459; alt. 1 273 m; Fig. 4.7). 
The site is one of several tarns in a bog complex on 
the flat top of one of the western summit ridges of Mt. 
Somers. Fig. 4.7 shows a small group of tarns within 
this complex. 
The coring site is located in the centre of long 
middle tarn. The stratigraphy is described in Appendix 1. 
The tarns are small ( ss than 6 m x 3 m in size), shallow 
(0.5 m deep), and with vertical sides of peat and mud 
bottoms. There are no inlet or outlet channels. Drainage 
is by seepage and overflow f the plateau. It is not 
entirely certain whether the bog complex is suppl 
by rainfall or springs. There is no evidence of a spring 
but the large area of wet flush downslope and the quantity 
of downslope drainage would seem excessive for the bog to 
Figure 4.5 Mt. Somers general site 
area map_ 
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Fi gure 4.6 Mt. Somers; pho to taken from above Blondin Stream site 
showing Blondin Stream Valley (foreground, l eft to right), 
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Figure 4.7 
Figure 4.8 
Mount Somers site (in cloud) . 
Coring site : x 
View : south-east. 
Blondin Stream site. 
Coring site : x 
View: south/south-east. 
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be dependent solely on supply from rainfall. 
A Sphagnum-ChionochZoa macra - C. rubra community 
surrounds the tarns and extends 50 m or so downslope to 
the west. The bulk of Mt. Somers is covered with C. macra 
grassland which contains CeZmisia spectabiZis (abundant 
in places) a variety of small herbs and occasional small 
woody prostrates. Very little subalpine scrub is present 
on Mt. Somers (due most probably to past fires). A 
narrow belt of scrub (Phormium cookianum, DracophyZZum 
ZongifoZium, Hebe spp., Coprosma spp., and ground ferns) 
occupies the moist southern bluffs above treeline. Alford 
Forest, with a treeline at about I 070 m, occupies the 
eastern slopes of Mt. Somers and Mt. Winterslow to the 
north. The forest is mountain beech dominant with a 
small amount of silver beech and an understorey of broad-
leaf species such as GriseZinia ZittoraZis. Podocarpus 
haZZii and PhyZZocZadus aZpinus occur infrequently, and 
stands of rata (Metrosideros umbeZZata) and a few 
Podocarpus dacrydioides trees are present in places. On 
the southern slopes of Mt. Somers strips of gully forest 
consist of pure mountain beech, but in the headwaters of 
Woolshed Creek on the western flank, forest is virtually 
pure mountain beech on the west bank but predominantly 
silver beech on the eastern slopes with a vigorously 
regenerating silver beech, fire depressed treeline at 
c. 900 m a.s.l .. 
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4.3.2 Blondin Stream (NZMS 1 S81 2nd Ed. 1970 G.R. 
803399; alt. 545 m; Fig. 4.8). 
This site is a mire, some 40 m x 30 m in size, and is 
situated about 50 m above stream level on the top of a 
large block of moraine that has slumped into the valley. 
A small trickle supplied by seepage and slope wash runs 
into the mire and apart from a few downslope seepages from 
it there is little outflow. The mire surface is colonized 
predominantly by small tussocks rising 0.5 m above the 
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ooze. The tussocks (Chionochloa rubra, Cyperaceae spp., 
Sphagnum spp.) support a little flax (Phormium tenax) and 
one or two specimens of stunted willow and Coprosma species, 
while the ooze in between is partly bare and partly covered 
with Sphagnum and other bryophytes, various algae, some 
Potamogeton,and patches of Azolla rubra in the pools. 
The coring site is at the centre of the mire and the 
stratigraphy is described in Appendix I. 
The surrounding countryside is covered with an induced 
tussock grassland of Festuca novae-zelandiae, Poa colensoi 
and introduced pasture grasses. An extensive thicket of 
matagouri (Discaria toumatou) and Coprosma species grows 
close by the bog and scattered bushes are cornmon in Blondin 
Stream Valley. The whole area is grazed by sheep and cattle 
which have trampled the edge of the bog. 
More distant vegetation includes the pines, willows, 
and English trees of Inverary homestead 2 km downvalley; 
the willow thickets in the Ashburton Gorge, 5 km to the 
north-west, where there is also a 25 ha plantation of 
pine; the farmland of the plains and the tussock grassland 
of the foothills with occasional remnants of broadleaved 
evergreen forest in the foothills leading south (20 km) 
to the podocarp forests of Mt. Peel. The beech forest of 
Mt. Somers lies 7 km to the north-east. 
4.4 LAKE SUMNER DISTRICT SITES 
Lake Sumner (Figs 1.1, 4.9, 4.10) is the largest 
of a group of lakes which lie in the catchment of the 
Hurunui River within the Canterbury mountains, about 25 km 
from the Main Divide. Raupo Pond lies at the western 
ends of two of these lakes, Lakes Taylor and Sheppard. 
Springs Bog is some 20 km distant from Raupo Pond and is 
situated about 5 km upstream of Lake Sumner in the Hurunui 
Valley. 
4.4.1 Raupo Pond (NZMS 1 S60 1st Ed .. 1965 G. R. 
681486; alt. 579; Fig. 4.11). 
This site lies in the Sisters Stream valley within 
moraines of an un-named glacial advance correlated with 
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the Poulter advance of the Otira Glaciation (Suggate, 1965). 
The pond is situated just outside the loop of moraine (of 
late Poulter age) which dams Lake Sheppard and upvalley 
from a belt of moraines left by ice of the same advance 
in the main valley (Fig. 4.9). A prominent moraine 
and outwash surface representing an advance of late Poulter 
age forms the Loch Katrine - Lake Taylor saddle about 6 km 
upvalley from the site. Large, mature, low-angle, coalescing 
fans deriving from sidestreams on the south side of the 
valley form the valley floor in the vicinity of Raupo Pond 
and one of them extends between Raupo Pond and Lake Taylor. 
Figure 4.9 Lake Sumner general site 
area map. 
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Figure 4.10 Lake Sumner Basin; showing Sisters Stream 
Valley, Lakes Taylor and Sheppard, Raupo 
Pond, (left); Lake Sumner, Hurunui River 
(right) . View: north-west. 
V. C. Browne 
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Figure 4.11 
Figure 4.12 
Raupo Pond site. 
Coring site : x 
View: south-west. 
Springs Bog site. 
Coring site x 
View: north. 
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Raupo Pond therefore lies within deposits of early Poulter 
age and appears to have originally been a part of Lake 
Taylor now cut off by delta/fan infilling from a side 
stream on south side of the main valley. Raupo Pond 
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is relatively large compared with the other sites (approx. 
500 m x 300 m) but well over half the pond is infilled on 
the western side with fine organic silt which supports a 
dense cover of raupo (Typha orientaZis). The raupo is very 
dense, over 2 m in height, and contains no other plants 
except an occasional sedge. Depth of the open water is 
likely to be several metres. The outlet streams of 
Lake Taylor and Sheppard flow into Raupo Pond from 
west and north respectively a small stream draining 
hills to the south flows in on that side. The outlet on 
the eas margin gives se to Sisters Stream. Dense 
willow and flax (Phormium tenax) are colonizing the raupo 
swamp about the inlet from Lake Taylor and mature willow 
trees grow along the southern banks of the pond. us 
radiata shelter belts surround "The Lakes" homestead over-
looking Raupo Pond on the flanks of Conical Hill on the 
western side, others grow nearby to the east and south and 
a small stand occurs near outlet. The coring site 
is situated about 70 m from the southern shore in the raupo 
swamp in a position approximately central to the pond basin 
The stratigraphy is described in Appendix I. 
The immediately surrounding hills (c. I 400 m) are 
covered with an induced Festuca novae-zeZandiae/Poa coZensoi 
tussock grassland and are generally bare of woody vegetation. 
Scattered bushes of Discaria toumatou, the introduced broom 
Cytisus scoparius, and Coprosma spp. occur with some large 
patches of manuka (Leptospermum scoparium) present in 
gull s. The south-western side of Conical Hill carries 
a stand of mountain beech forest and other remnant patches 
in gullies occur up-valley. While patches of forest down-
val from Loch Katrine are pure mountain beech with no 
broadleaved evergreen understorey elements, those near Lake 
Sumner may contain red and silver beech in the gullies 
together with broadleaved evergreen species and rare 
small specimens of Podocarpus hallii. Occasional cabbage 
trees (Cordy line australis) are present throughout on the 
open hillsides. Arable land in the valley is usually 
sown with pasture grasses, lucerne, and turnips. 
4.4.2 Springs Bog (NZMS 1 S53 4th Ed. 1972 G.R. 
485593; alt. 604; Fig. 4.12). 
This site is a raised Sphagnum bog (c. 400 m x 180 m) 
lying barely 100 m within beech forest in the upper Hurunui 
valley about 20 km northwest of Raupo Pond. The bog is 
situated on a low river terrace at the Mackenzie Hurunui 
confluence and is named the hot springs on the opposite 
side of the Hurunui valley. The bog surface is domed 
(the centre is about I m higher than the margins) and falls 
abruptly on the eastern and western margins to channels 
which drain eventually into the Hurunui River. 
The bog surface is basically Sphagnum (S. cristatum 
dominant over S. falcatulum and S. subsecundum). Growing 
on it is the predominant Dracophyllum palustre together 
with Pernettya macros gma and patches of Drepanocla 
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fZuitans and PoZytrichum formosum. Growing on the bog 
edge are stunted trees and seedlings of mountain beech, 
Coprosma c.f. parvifZora, Myrsine divaricata, the ferns 
HypoZepis miZZefoZium and BZechnum pennamarina, Carex coriacea 
and C. sincZairii. A zone of pure mountain beech extends 
around the bog and a transect from the bog edge into the 
forest shows the forest composition to be mountain beech 
to 5 m, mountain and silver to 20 m where the normal silver-
red beech forest types take over. 
The coring site is located approximately in the centre 
of the bog and the stratigraphy is described in Appendix I. 
Upslope, the forest composition changes through a 
mid-slope silver-mountain beech association at about 970 m 
to an upper-slope pure mountain beech forest extending from 
about 1 160 m to treeline (1 250 m - 1 400 m). Minor 
amounts of hardwoods and Podocarpus haZZii and PhyZZocZadus 
aZpinus are present especially at mid-slope. Further 
detail of composition is included in the description of the 
forests of Mac's Knob which are adjacent to Springs Bog in: 
'The Beech Forests of Mac's Knob, Lake Sumner, Canterbury. 
Paper No.1.' School of Forestry, University of Canterbury, 
1971. Above the treeline, a low subalpine scrub consisting 
of Podocarpus nivaZis, and species of DracophyZZum, Hoheria, 
Coprosma, OZearia and Hebe becomes more common towards the 
Main Divide some 15 km upstream. The riverflats support 
the usual Festuca novae-zeZandiae/Poa coZensoi tussock 
grassland and matago~ri (Discaria toumatou) thickets. Manuka 
(Leptospermum scoparium) becomes cpmmon near Lake Sumner. 
Raupo Pond lies on the eastern outskirts of continuous 
montane beech forest whereas Springs Bog, closer to the 
Main Divide, is well within the montane beech forest. At 
Raupo Pond extensive beech st is about 10 km distant 
on all points of the compass except the south-east quadrant 
where, apart from the forested headwaters of the Seaward 
River, scattered remnant stands of mountain beech give way 
to the tussock grassland of the foothills. The catchments 
adjacent to the Hurunui sites contain different types of 
forest. The forests of the Poulter and Esk catchments to 
the south are predominantly of mountain beech as in the 
Waimakariri but the Poulter forests also contain abundant 
red and silver beech. The upper Waiau catchment to the 
north contains a red-silver-mountain beech forest similar 
to that in the Upper Hurunui. To the east, away from the 
Main Divide this mixed beech forest is replaced by mountain 
beech. Downstream from Lake Sumner the vegetation is 
mainly tussock grassland with patches of manuka. Kowhai 
trees (Sophora microphylla) with some broadleaf (GriseZinia 
littoraZis) and lancewood (Pseudopanax crassifoZius) line 
the banks and gorges. Where present on the hillsides, 
the forest is of mountain beech. 
Over the Main Divide, the Taramakau River (which 
saddles with the Hurunui) forms the approximate boundary 
of the podocarp forests of central Westland with the beech 
forests of north Westland. These more distant Taramakau 
forests are predominantly podocarp, but those of the 
Otehake tributary are mixed beech, and riparian stands 
of mountain, red, and silver beech occur in the main 
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Taramakau val The general forest composition in 
Taramakau catchment varies wi altitude, grading from a 
dense suba ine scrub down into a Libocedrus bidwiZZii, 
Podocarpus haZZii, Hoheria gZabrata, DracophyZZum traversii, 
st, which in turn grades into Metrosideros umbeZZata 
Weinmannia racemosa and Dacrydium cupressinum dominant 
podocarp forest at lower altitudes (Wardle, 1970): a 
pattern similar to the forests over the Divide from the 
Rakaia sites. 
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CHAPTER 5 
MODERN POLLEN 
5.1 INTRODUCTION 
Some knowledge of the relationship between pollen rain 
and the parent vegetation is valuab in the interpretation 
of pollen diagrams. The reconstruction of vegetational 
history from the relatively recent (in geological terms) 
post-glacial pollen data is especially dependent on 
uniformitarian principles. Assumptions that the ecology of 
the species and species assemblages represented in the 
pollen diagrams approximates to that of the present day 
species must be made. Assumptions that the pollen 
production/dispersal relationship is unchanging within. this 
period must also made. 
The pollen rain/vegetation relationship has received 
much attention. Empirical work on the purely statis cal 
aspects of the relationship have been carried out mainly 
in the 1950's (e!g., Fagerlind, 1952). Later investigations 
have tended to concentrate on the ecological aspects of 
pollen representation, with the processes of pollen product-
ion, dispersal, and preservation receiving close qualitative 
and quantitative attention (e.g, Davis, 1963, 1967 a,b, 
1968; Faegri & Iversen, 1964, 1975, Tauber, 1965). Consid-
erable work has been done on various methods of comparison 
of modern pollen spectra with different measures of 
vegetation composition using a variety of natural and 
artificial pollen traps. The results have been variable. 
More recently, broad studies of the modern pollen rain 
such as Lichti-Federovich & Ritchie (1968) in the major 
vegetation zones of northern North America,and Webb's 
(1974)isofrequency studies in Michigan, have demonstrated 
good correspondence between vegetation types and modern 
pollen rain composition in a continental context. 
Similar results are obtained from sophisticated numerical 
analyses of modern pollen spectra (e.g., Birks, 1973i 
Birks,Webb & Berti, 1975; Richie & Yarranton, 
1978) ~ 
In New Zealand, however, continental conditions do 
not apply. The mountainous nature of the islands and the 
variable weather conditions create almost infinite numbers 
of SUb-regions amongst which conditions affecting pollen 
deposition will vary_ The comparatively small scale of 
the vegetation zones and complex plant distribution 
patterns do not simplify pollen representativity. A fair 
knowledge of the ecology of the present day New Zealand 
vegetation is being achieved but very little is as yet 
known about qualitative and quantitative pollen production 
and dispersal by the various contributing spec s (but 
76 
cf., Moar, 1970b;McKellar, 19731 Myers, 1973; Pocknall,1978). 
Modern pollen deposition within the study areas was 
not studied in detail It was felt that interpretation 
of the pollen diagrams would be aided by the knowledge 
gained from a surface sample taken from the actual coring 
site for each diagram. The degree of pollen representation 
shown for the vegetation surrounding each site would help 
determine the characteristics of the te as a basin of 
deposition and also the provenance of the fossil pol 
assuming that wind s were unchanging throughout 
the duration of the diagrams as would appear likely 
(Gage, 1965). 
Table SA lists the modern pollen data. 
5.2 QUAGMIRE TARN AND WINDY TARN 
In the pollen spectra from both these sites Gramineae 
pollen is overwhelmingly dominant. Nothofagus fusca 
type pollen, the next most frequent is only present at low 
values (c. 8%), and the remaining spectra are all minor 
constituents with the exception of Cyperaceae whose high 
values are a reflection of the on s vegetation. The 
pollen spectra from these sites match each other fairly 
closely both in composition and proportion. The major 
exception is in Cyperaceae where the disparate values are 
almost certainly due to the greater abundance of sedge 
at the Quagmire Tarn site. It would appear that the two 
sites share the same modern pollen source areas and that 
the difference in site location means little,given that 
these sites are open and pollen deposition is uninfluenced 
by on-site woody vegetation. 
The nearest sources for the NothQfagus fusca type 
pollen are the patches of mountain beech forest in the 
side creeks of Lake Stream and across the Rakaia at 
Manuka Point (Fig. 4.1). 
5 2 
The record is believed to be 
sentative of the modern disposition of beech forest 
considering the factors of over-representation (Moar, 1971; 
Myers, 1973) and the upwind position of the sites during 
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Table SA Pollen from surface samples. 
Results expressed as a percentage of 
total pollen counted excluding aquatics 
and spores. No data available for 
Blondin Stream. 
* extra-pollen sum) 
+ less than 1%) 
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QT WT MS RP SB 
Nothofagus fusca type 10 7 16 30 76 
N. menziesii 1 10 
Podocal'pus 4 1 36 4 1 
P. dac l'ydioide 13 1 
Dacl'ydium cupl'essinum 2 1 1 
Gl'iseZinia + 
PhyZZocZadus 3 1 19 3 3 
Dacl'ydium bidwiZZii type 10 
Copl'osma 4 4 2 9 1 
MYl'sine 2 
PZagianthus + 
Hohel'ia 1 
Dl'ac ophyZZum + 
Leptospel'mum + 2 
Myrtaceae + 
COl'ial'ia + + + 
Scrophulariaceae 1 
Gramineae 70 84 5 11 1 
Compositae 1 1 3 5 
Umbelliferae 5 
HaZol'agis 4 
Acaena + 5 
Caryophyllaceae 2 
Gentiana + 
Ranunculaceae 1 
Cyperaceae 120* 30* 2* 4* 5* 
Typha 22* 
Potamogeton +* 
Lycopodium +* 1* +* 
Monolete spores 2* 7* +* 3* +* 
Trilete spores 3* 1* 1* 
SaZix 3 
Pinus 13 
Rumex + 
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the October-November flowering period (Wardle, 1970; 
Myers, 1973; McKellar, 1973) when winds from the north-
west predominate. The frequencies of Podocarpus and 
Phyllocladus pollen are surprisingly low considering 
that Podocarpus hallii and Phyllocladus alpinus are 
dominant in the remnant forests of the upper Rakaia. 
Windy Tarn for example is directly exposed to down-valley 
winds and yet the two species are scarcely represented 
in the pollen spectrum. This may accord with the 
results of Moar (1970b) who has found the Phyllocladus 
component of subalpine scrub to be under-represented in 
subalpine grassland surface samples. Not only are the 
dominants of this upland podocarp forest virtually 
unrepresented but the complexity of forest composition is 
not demonstrated and Griselinia littoralis, one of the 
important species, is not recorded at all. Other 
important local vegetation components unrecorded or 
under-represented are: Nothofagus menziesii (as expected); 
Pseudopanax crassifolius especially prominent in Washbourne 
Streami Celmisia spectabilis*, a local grassland dominant; 
Coriaria sarmentosa*, present in patches over Prospect 
Hill; Discaria toumatou, present on Prospect Hill and 
prominent in surrounding riverbeds; and pteridium 
esculentum dominant on slopes below Windy Tarn and present 
in patches in the Prospect Hill grassland. 
5.3 MOUNT SOMERS 
The surface samp pollen spectrum from this high 
* entomophilous 
altitude site is problematical for it is not representat 
the sent day vegetation. The pollen spectrum is 
dominated by Podocarpus (36%) and PhyZZocZadus (19%), with 
Nothofagus fusca type (16%) and Dacrydium bidwiZZii type 
(10%) making up the bulk of the sample The spectrum 
is puzzling, for the vegetation on and about Mt. Somers 
is predominantly tussock grassland with mountain beech 
forest (Alford Forest) and a small amount of subalpine 
scrub in which PhyZlocladus alpinus is rare. Nowhere 
is there any Podocarpus forest t and only one Dacrydium 
bidwillii bush was found anywhere near the site. 
For comparison, an alpine 1 field site above 
beech forest and subalpine scrub on Travers Range, Nelson, 
yielded surface samples which have shown beech to be 
dominant and that "although there are considerable areas 
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of Dacrydium bidwillii t Phyllocladus alpinus and Podocarpus 
nivalis growing in the subalpine scrubland on the Travers 
Range, the pollen of these wind pollinated shrubs is so 
infrequent as to suggest their near absence" (Moar, 1970b). 
These findings are in direct conflict with the Mt. Somers 
data. The possibility Podo us nivalis being the 
source of Podocarpus pollen is discounted as the pollen 
values are totally disproportionate. P. nivalis is present 
above treeline at Mt. Somers but is rare and in any case 
the dominance of Podocarpus pollen (also Phyllocladus and 
Dacrydium bidwilZii type) is merely a continuance of the 
pollen values of the podocarp forest phase in the diagram 
(Fig. 8.1). The absence of source vegetatio~ for the 
prominent Dacrydium bidwiZZii type pollen values is almost 
certainly due to recent fires for which there is 
considerable charcoal evidence in the site sediments 
(Appendix I) . A similar situation exists at.Swampy Hill, 
Otago, (McIntyre & McKellar, 1970). 
The inconsistency of the surface sample data may be 
due to the sample having been taken from the topmost 0.5 cm 
of tarn sediment rather than a moss polster. Vertical 
mixing of sediment may have occurred. It is not likely that 
contamination has occurred during sampling as extreme care 
was taken to avoid this possibility. The smallness of the 
tarn precludes mixing by wave or current action, but dis-
turbance of the sediments may happen during flooding of 
mudcracking,which has been observed in mid-summer when 
drying out of the tarn may occur. 
Interpretation of the modern pollen spectrum with 
respect to the present day vegetation is not considered 
possible for this site. 
5.4 BLONDIN STREAM 
The surface sample yielded insufficient pollen for 
a count and many of the grains present were badly damaged. 
Grass and sedge pollen predominated. As far as may be 
judged the pollen is consistent with the surrounding 
grassland. 
5.5 RAUPO POND 
The pollen spectrum is dominated by Nothofagus fusca 
type pollen (30%) with Pinus, Gramineae, and Coprosma at 
moderate frequencies; and Podocarpus, Phyllocladus, 
Compositae, Umbelliferae, Acaena, and Salix at minor 
frequencies. 
Nothofagus is over-represented for the Sisters Stream 
valley where mountain beech contributes only a measured 
13% of the vegetation cover. There are two contributing 
factors - possible long distance dispersal from the 
Hurunui beech forests, and more importantly, the mountain 
beech forest of c. 100 ha area on Con al Hill barely 0.5 
km to the north-west of the site. As a regional value 
however, the figure has some merit, as land to the north 
is heavily forested while land to the south is only 
sparsely forested. Nothofagus menziesii, prominent in the 
Hurunui forests, is not recorded. 
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Gramineae is vastly under-represented being masked 
most likely by the Nothofagus fusca type pollen. Podocarpus 
and Phyllocladus pollen are not considered to derive from 
the infrequent generally sub-canopy trees in the Hurunui 
forests, but rather to come from the podocarp forests of 
Westland. At 4% and 3% respectively they are considered 
to be over-represented. It interesting to note that 
the pollen frequencies for these two pollen types are the 
same as those (4% and 3%) from the surface sample of 
Quagmire Tarn in the Rakaia where comparatively large 
source areas are considered under-represented. 
The extensive, scattered low density scrub of the 
surrounding hillsides composed of Discaria toumatou, 
Coprosma and Hebe species with patches of Leptospermum and 
the adventive broom Cytisus scoparius in the gullies, is 
only really represented by the 9% Coprosma value. 
Amongst the local and on-site vegetation: 
i) The Typha representation is considered to be 
surprisingly low at 22% (extra-pollen sum value), 
considering that the sampling site was situated within the 
Typha swamp. 
ii) The flax (Phormium tenax) thickets at either end of 
the pond are not recorded at all. 
iii) Willow trees present around the pond and near the 
sampling site are only represented by a 3% frequency_ 
iv) In direct contrast to the willow representation the 
small stands Pinus radiata in the vicinity are greatly 
over-represented at 13%. 
5.6 SPRINGS BOG 
In the pollen spectrum from this forest-surrounded 
site Nothofagus fusca type pollen is overwhelmingly 
dominant and Nothofagus menziesii is seriously under-
represented at 10%. This degree of under-representation 
is iti ly surprising for the site is set within the 
lower slope silver beech/red beech forest, and below 
the mid-slope silver beech dominant zone. However a 
marginal zone of mountain beech surrounds the bog, and it 
is probable that both the low values of Nothofagus 
menziesii pollen, and also the high values of Nothofagus 
fusca type pollen, are largely due to an abundance of 
local pollen from this source. This is assuming that 
pollen production is equal amongst beech species, as 
appears to be so within the limits of present knowledge 
(e.g., Manson, 1974; Wardle, 1974). 
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The small amounts of Dacrydium cupressinum, Podocarpus 
dacrydioides, Podocarpus and Phyllocladus pollen will be 
from west of the Main Divide with some Phyllocladus and 
Podocarpus pollen possibly coming from the infrequent 
specimens of P. hallii and Phyllocladus alpinus in the upper 
slope forests of the Hurunui. Little pollen evidence of the 
local bog vegetation is present and there is no evidence 
that the entomophilousDracophyllum palustre is common on 
the bog. The marginal shrubs are represented, but the 
Discaria toumatou scrub/grassland vegetation of the 
extensive valley flats is not represented at all, despite 
the site being barely 100 m from the forest edge. 
This site is valuable in showing that a pollen 
spectrum from a forest site can be distorted by edge 
effects from a marginal forest zone of atypical composition. 
It is valuable also in demonstrating that this edge fect, 
for beech at least, is so evident in a sample taken from 
near the centre of a clear site of some seven hectares 
area. 
In summary, the pollen spectrum represents basically 
only the local forest, with some representation the 
shrubs marginal to the bog, and with little indication 
of the bog vegetation itself. More deta ed inter~ 
pretation is unfortunately hampered by the lack of specific 
identification of Nothofagus fusca and N. solandri var. 
cliffortioides pollen. 
5.7 CONCLUSIONS 
It may be seen from these examples that at montane 
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tes the degree of relationsh between the pollen ra 
the vegetation about te of deposition is very 
variable. The main causes of distortion of the compo tion 
of the pollen rain from an ideal representation appear to 
be: 
i) "pollen dumping lf by on site forest trees sing 
the proportional frequenc s of other pollen in a sample, 
ii) variations in pollen dispersal efficiency amongst 
wind dispersed pollen from different species, 
iii) the inherent rences between wind di rsed and 
insect dispersed methods of pollination, 
iv) the physical factors of site location. 
In the data from this study, local site tors 
relating to both physiography and perhaps more especially 
to on-site forest appear to be the major cause of distortion 
of the pollen spectrum. It is important to realise when 
interpreting a pollen diagram, that the vegetative site 
factors especially may be changing throughout the history 
of the diagram, causing variations in pollen representation 
through time. Little is known as yet about the degree 
of representation of insect pollinated tation in New 
Zealand, and ecology of pollen production and dispersal 
in wind pollinated plants constitutes a 
botanical knowledge (cE,Faegri & van 
gap in world 
Pijl, 1966, 1971). 
Transect sampling through plant community boundaries and 
along altitudinal gradients needs to carried out in New 
Zealand. anket sampling also must be done to chart 
variation in composition of the pollen rain, in order to 
establish some basic knowledge of pollen dispersal in 
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mountain areas. Such knowledge will increase 
validity of conclus drawn from pollen diagrams. 
6.1 SUMMARY 
CHAPTER 6 
QUAGMIRE TARN 
In this diagram ( . 6.1)*a clear succession from a 
Coprosma scrubland grassland mosaic to a Phyllocladus 
dominant podocarp st is portrayed. Nothofagus 
menziesii values rise late in the diagram to a prominence 
(60%) only seen elsewhere in Aranuian diagrams from 
Fiordland and western Southland (Harris, 1963; Cranwell & 
von Post, 1936). This short phase is succeeded by a 
grassland phase where elements of 1 previous forest 
types are represented as at present day_ 
There are three radiocarbon dates:-
11 900 ± 200 yr B.P. (NZ 1652), 730 cm 
dates the beginning of organic sedimentation. 
10 000 ± 150 yr B.P. (NZ 1653) 660 cm 
745 cm, 
690 cm, 
dates the change from scrubland/grassland to forest. 
1 975 ± 90 yr B.P. (NZ 1654), 240 cm - 260 cm, 
dates the expansion of silver beech forest. 
6.2 ZONE QT 1 750 cm - 690 cm 
Coprosma pollen co-dominates with that of Gramineae. 
Monolete fern spores are prominent, a variety of shrub 
and herb pollen occurs, and tree pollen is present in low 
amounts. 
The dominant Coprosma scrubland/grassland pollen in 
this zone represents the vegetation existing at the time 
of final stages of the Otira glaciation in the area 
* All pollen diagrams are in a pocket inside the rear cover. 
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(i.e., recession of ice from the Acheron Lake Heron 
event, Soons, 1963; Burrows & Russell, 1975) The 
dominance of grass and Coprosma from the very beginning 
of the zone suggests that this vegetation (today's sub 
alpine equivalent) was already well es ished when 
deposition began at the site. The declining frequenc s 
of Gramineae and the rising frequencies of Coprosma the 
initial centimetres of the zone may represent either 
a widespread change from a former grassland vegetation or 
just a local point succession as the sh surfaces were 
colonized. The ove 1 trend within the zone however is 
that Coprosma is gaining dominance over grassland. The 
scrubland is likely to have been more diverse than appears 
in the diagram. In early part of the zone minor scrub 
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components achieve the highest frequencies in this diagram 
suggesting an initially rich composition. The grassland 
similarly is likely to have been richer than portrayed as 
many components are insect pollinated and will be greatly 
under-represented. Moderate values of Compositae throughout 
the zone (in contrast to the 1% representation of todayts 
extensive Celmisia spectabilis at Prospect Hill) suggest 
that Compositae was a very important component of either 
grassland or shrubland Intermediate values monolete 
ferns following the same trends as the dominant Gramineae 
curve suggest that , possibly Blechnum penna-marina or 
Polys chum vestitum,was important in the same way as in 
simi r communities today at Prospect Hill. 
Tree pollen, present in low values, probably derived 
from both near and distant sources. Phyllocladus 
(Phyllocladus alpinus) and Podocarpus (main P. hallii) 
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sources must have been present extra-locally to allow for 
the sudden rise to high on te values (PhyZZocladus 
especially) shortly after end of the zone. This 
interpretation is consistent with the modern pollen data 
for this site where present forest is poorly represen 
Dacrydium cupressinum, rare in Canterbury (Franklin, 1968), 
displays the beginnings a long-continued record through-
out the diagram/almost certainly representing long distance 
lowb",ct ceh+n,,\ (l1oUOW<i'l Iq)-,~) 
dispersal from the extensiveLrimu sts of"Westlandj. The 
sporadic record of Metrosideros indicates a local sence, 
for in contrast to rimu, Metrosideros, being bird and 
insect pollinated, has been found to be seriously under-
represented in the po n rain (Moar / 1970b). Nothofagus 
fusca type, on the hand is represented from the 
beginning in a virtually continuous trace record. 
Nothofagus fusca type pollen is generally over-represented 
in the South Island pollen rain, and evidence of long 
distance dispersal is common (e.g., Myers, 1973). The 
continuing presence of low values of Nothofagus fusca type 
pol could derive from small local sources common to both 
Prospect Hill sites or a large, long distance source. In 
the absence of f evidence of a large beech source in 
Canterbury at this time the 1 lihood of a local or extra-
local source is preferred. L Ie is known about pollen 
dispersal in the valley systems of the Southern Alps, and 
the modern pollen data for the sites in the present study 
and at Cass (Moar, 1971) show that interpretation is not 
straightforward The poss lity of extra local sources 
at this time in Lake Heron ba similar to those proposed 
the Cass basin (e.g., Moar, 1971; Lintott & Burrows, 1973) 
may be supported by evidence from the Harper River. There 
Moar(1973a) found mountain beech leaf fragments low in the 
podocarp forest phase and so a trace of Nothofagus 
menziesii pollen in the preceding PhyZZocZadus phase. 
The fluctuations in pollen frequenc s early in the 
zone at 735 cm, and the 20 cm of silt just above the base 
of the macromud, are of interest (Fig. 6.2). The 20 cm 
of grey silt with the upper boundary gradational over about 
20 cm is almost certainly windblown silt derived from the 
Lake Stream advance of Rakaia ice. A temporary 
deterioration in climate causing the Lake Stream advance 
appears to have occurred soon (1 000 or so years) after 
the warming that caused the retreat of Lake Heron ice. 
This climatic deterioration may be represented at the 
740 cm level, just below the base of the silt layer where 
the trends of the dominant pollen profiles are temporarily 
sharply reversed. The marked brief increase in otherwise 
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falling Gramineae values and decrease in otherwise rising 
Coprosma values occurs before both curves stabilize. Change 
in other pollen curves lend support to this possibility. 
Compositae, perhaps a more sensitive indicator, has a 
marked dip in its curve and Cyperaceae drops before a 
temporary peaking coincidental with Gramineae The sharp 
temporary reversal (in trends of vegetational sequence 
occurring in response to a general warming (Moar, 1966aj 
Walker, 1966) is consistent with a brief return to cold 
conditions and the lt,almost certainly derived from a 
glac advance shortly after, supports this interpretation. 
However, despite this apparently consistent ecological 
interpretation the possibility remains that the changes 
may be an artefact either of a proportional method of 
representation or of a random sample variation. Fur 
confirmatory data are required 
Tree pollen spectra show lit change though 
Metrosideros pollen is briefly prominent. A rich plant 
cover is suggested by trace appearances of shrub and grass 
land species in addition to the main profi s (e.g., 
Pseudopanax, Aristotelia, Gentiana, Plantago, and tetrads) . 
The noticeable abrupt cut-o in the curves of many scrub 
and herb species at 730 cm is an artefact caused by a 
change in analysing interval from 5 cm to 20 cm. Many of 
the pol frequencies at this point however, are declining 
and where the record resumes at the beginning of Zone QT 2, 
only low frequencies are present. This decl is 
possibly partly due to afforestation of the site, but most 
of the spec involved (e.g., Coriaria, Leptospermum, 
Haloragis, Chenopodiaceae), are colonizers and their 
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decline is probably as much a successional event as anything. 
6.3 ZONE QT 2 690 cm 670 cm 
Dacrydium bidwillii type pollen values rise to 85% and 
drop to zero at the end of the zone forming a high~ 
isola peak. 
Modern pollen rain studies have so far shown D. bidwillii 
pollen to be seriously under-represented (Moar, 1970bjthis 
study, Quagmire Tarn). The high frequencies of D. bidwillii 
type pollen there may be taken to represent only a local 
dense cover this vegetation although it was probably 
extensive. The macrofossil record extending up to about 
340 cm and the low pollen values throughout the diagram 
show that D. bidwiZZii has been on-site in low quantit s 
throughout the whole history of the tarn The 
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significance of the phase, which is widespread in Canterbury 
is discussed in Chapter 12. 
6 .4. ZONE QT 3 670 cm - 260 cm 
A long forest period in which high values of 
PhyZZocZadus pol are dominant over Podocarpus pollen. 
PhyZZocZadus exhibits an overall decline throughout while 
Podocarpus rises to mid-zone and declines thereafter. All 
other pollen frequencies are very minor though Dacrydium 
bidwiZZii type and Coprosma maintain levels of about 5%. 
The sence of Gramineae and so Nothofagus ca type 
pollen becomes more definite towa the end of the zone, 
and charcoal fragments also occur near the end of the zone. 
The macro ssil record shows the site to have been 
within st. Many more PhyZJocZadus cladodes than 
Po carpus haZZii leaves were found. The pollen profiles 
confirm and emphasize this local on-site presence of 
PhyZZocZadus-dominant st. As far as present evidence 
allows (Moar, 1970b;Quagmire Tarn and Windy Tarn modern 
pollen data, this study) f PhyZZocZadus appears to be under-
represented unless present on-s when it is over-
represented, This impression is strengthened by the 
absence of fossil cladodes until the 660 cm 1 where 
the PhyZZocZadus pollen frequency jumps to dominance. Site 
factors are no doubt influential, as in general there would 
seem to be nothing to prevent free di rsal of pollen 
from the parent tree. More information on modern pollen 
dispersal of the species would be useful. Throughout 
this long zone, therefore, it is only possible to say that 
the site was forested with the on-site forest being 
PhyZZocZadus dominant. It is not possible to speculate 
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on the PhyZZocZadus/Podocarpus proportions of the local or 
extra-local forest, although it is probable that PhyZZocZadus 
formed a dominant marginal zone as it does at similar sites 
today elsewhere in Canterbury. The sparse pollen records 
of typically under-represented forest species such as 
Podocarpus dacrydioides, GriseZinia*, AristoteZia*, 
Metrosideros*, Pseudopanax*, Pseudowintera*, and Libocedrus 
occurring throughout this forest phase, and the presence 
of unidentifiable angiosperm leaves in the sediments 
completes the picture of a more diverse forest than would 
appear from the diagram at first sight. The continued 
presence of pollen of Podocarpus dacrydioides and Pseudowintera 
in particular (now rare species in inland Canterbury), 
suggests that conditions were mild and moist. 
Three interesting features occur within the zone~­
(i) 550 cm A sharp dip in the PhyZZocZadus curve 
accompanied by increased sand increment in the sediment. 
(ii) 
(iii) 
420 cm Nothofagus menziesii leaf. 
360 cm - 300 cm charcoal zone. 
(i) At 600 cm to 540 cm sand becomes a noticeable component 
of the silty mud and Dacrydium bidwiZZii leaves are more 
frequent between about 600 cm and 570 cm. At 550 cm, with 
* insect (and bird) pollinated. 
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the exception of Podoaarpus, there are brief fluctuations 
in the frequencies of most pollen types. The sharp 
valley in the PhyZZoaZadus curve and accompanying peaks in 
Daarydium bidwillii type, Coprosma, grass, and sedge values 
suggests a slight withdrawal of PhyZloaladus from the site 
with an increase in the marginal vegetation zones of scrub, 
. grass, and sedge. The possibility of the peaks in the 
scrub and grass profiles being artefacts associated with 
the drop in PhyZloaladus values is appreciated. If this 
effect is purely rep ... es\!'VltClti'Dv\O,\ then the greatest compensatory 
effect would be found in the pollen curve of the next most 
frequent pollen type - in this case Podoaarpus. In fact 
the form of the Podoaarpus curve at this point shows no 
such compensatory effect. The drop in Podoaarpus values 
beginning at this point bears no relation to the deviation 
being discussed. Instead the scrub, grass,and sedge 
profiles show peaks, which if compensatory in nature, are 
quite disproportionate for these low frequency profiles. 
An ecological interpretation fits macrofossil, sediment, 
and pollen data, and is thought to be jus fied. A 
possible cause may be the event recorded by the lowermost 
of three buried soils at an exposure at Washbourne Creek 
.1\"1«+ (Fig. 6.3). This soil indicatesAdeforestation (possibly 
DG{'u'Y'f-e;,~ . 
initiated by fire) followed by accumulation of silty sand. 
The drop in forest pollen at 650 cm at Windy Tarn (discussed 
in the following chapter,p.105,may be a further consequ~nce 
of this event but more evidence is needed for even tentative 
correlation. 
(ii) The recovery of a Nothofagus menziesii leaf from 420 cm 
well before substantial evidence of this species in the 
Figure 6. 3 Buried forest soils exposure, 
lower Washbourne Stream, 573/639829. 
(C.J. Burrows pers.comm.) 
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DESCRIPTION 
10 em modern soil 
70 em grey-brown sand 
5 em sandy silt with forest charcoals 
5 em gley 
25 em yellow-brown sandy silt loam 
20 em grey-brown sand 
5 em sandy silt with forest charcoals 
8 em gley 
20 em pale yellow-brown sandy silt loam 
25 em grey brown sand 
10 em 
20 em yellow-brown silt loam 
130 em grey-brown sand 
stratified angular 
fluvio-glaeial alluvium 
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HC DATES 
(yr B.P.) 
860i50 
N.Z. 3 941 
5 830i130 
N.Z. 3 942 
pollen diagram proves the local presence of 
hinted at by the sporadic pollen record long 
arrival in abundance on-si which is documen 
ies 
fore its 
by 
macrofossils at around 260 cm. (The relation of the leaf 
to the enclosing sediment excludes the possibility of it 
being a down-hole contaminant.) This circumstance has 
most likely arisen from the limited pollen di sal 
range of Nothofagus menziesii combined with screening by 
the on-site forest. Considering this and the 
lack Nothofagus menziesii pollen in the modern pollen 
trum of this site, it is not unreasonable to assume 
local presence at least as far back as the iest record 
Nothofagus menziesii pollen at 570 cm. The implication 
is that the Nothofagus menziesii in the Stream valley 
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today either has a local relict origin, or, has originated from 
an early immigration from a nearby up-valley relict source 
(iii) The presence charcoal fragments at about 360 cm 
to 300 cm is not accompanied by discernible change in 
pollen profiles. However, the summary diagram shows a 
sharp increase shrubs then, and more especially herbs, 
at the expense trees. The forest in the immediate 
vicinity of the site must have been unaffected. The se 
of grass from trace values to 8% establishing the beginnings 
of the grass record/and the complete break at this point 
in the otherwise consistent mono fern record, are 
thought to be ated effects consistent with a fire 
occurring beyond the forested site. It may be that 
this charcoal is related to charcoal dated at 5830 B P. 
ln a buried forest soil in the Washbourne Creek exposure 
(Fig. 6.3). However, interpolation of this date at 360 cm 
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results ln gross variations in rred sedimentation rate: 
680 em - 360 em 75 emIl 000 yrs 
360 cm - 260 cm 25 cmll 000 yrs 
260 em - 0 cm 130 cmll 000 yrs. 
The uniformity of the t suggests that the sedimentation 
rate was fairly constant. An interpolated date of c 4 000 
would be the earliest reasonable date on this assumption. If 
interpolation is based on a logarithmic time sc e 
yrs 
assumes compaction of sediment with depth an even younger date 
(c. 3 - 3 500 yrs B.P.) results. The charcoal at 360 cm 
probably resulted from a later fire than the 5 830 yrs B.P. 
charcoal at the Washbourne Stream exposure. 
Climate during this time was probably becoming drier. 
The best evidence r this is the long-term slow decline in 
(extra-local) Podo us values from a mid-zone maximum. 
other indications such as the increased levels Gramineae 
and the occurrence of fire may be of only local significance. 
6.5 ZONE QT 4 260 em - 130 cm 
A short zone in which dominant Nothofagus menziesii 
pollen reaches a prominence (60%) not seen elsewhere in 
Canterbury or Westland. Phyllocladus values drop to 
moderate 1 sand Nothofagus fusca values rise 
steadily from the low values late in Zone QT 3 to peak at 
the end of the zone at a moderate 17%. 
With the exception of the s Nothofagus menziesii 
leaf recovered at 420 cm, the presence of N. menziesii 
leaves 
just be 
consistent quantity does not begin until 300 cm 
the sharp rise to dominance of the N. menziesii 
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curve N. menziesii pollen frequency does not se 
therefore until trees are virtual on-site This confirms 
previous suggestions (e.g., Moar, 1971; McKellar, 1973) 
that N, menziesii, in contrast to Nothofagus fusca type 
pollen, is under-represented in the pollen record. 
fact that the sudden rise in Nothofagus menziesii values 
and beginning of its macrofossil record occur shortly 
after the charcoal late in Zone 3 leads to the interesting 
possibility that fire may have been instrumental in releasing 
silver beech from competition with podocarp forest elements. 
The drop in PhyZZocZadus frequencies as Nothofagus 
menziesii values rise is most likely due to on-site 
PhyZZocZadus being replaced by silver beech. Podocarpus 
values (probably extra-local) are unaffec and maintain 
a ow decline. The decline in local forest portrayed by 
the decreasing values of both Nothofagus menziesii and 
PhylZocladus towards the end of the zone and the rise in 
Gramineae values is probably due to a continued decrease 
in precipitation. Silver beech is highly frost and 
exposure resistant and is capable of regeneration and 
growth on extreme sites (Manson, 1974) but is intolerant of 
drought conditions (Williams & Chavasse, 1951). PhylZocladus 
aZpinus is also susceptible to dry conditions (Wardle, 1969b) 
sting today as continuous vegetation in valleys where 
annual precipitation is about 260 cm or more (Lintott and Burrows 
1973) (but note PhyZZocladus alpinus and Dacrydium bidwiZlii 
presence in low rainfall areas in Central Otago (Bliss and Mark, 
1974). Certainly the only regenerating silver beech stands in 
the study area today are those in sheltered gully locations. 
The slowly increasing, and probably extra-local, values 
of Nothofagus fusca type pollen is similar to Windy Tarn 
and interpre 
Chapter 7. 
on of this for both sites is combined in 
Late the zone, increasing frequency of roots in 
the sediments, changing colour, rising Cyperaceae pollen 
values, and occasional rm~um pollen, combine to ind 
shallowing of the tarn and the approach of the present 
Sphagnum developing from the north end. 
6.6 ZONE QT 5 130 cm o cm 
A water gap occupies the lower half of the zone and 
charcoal fragments are sent at the base of the zone 
U20 cm 100 cm). The upper zone data (40 cm - 0 cm) show 
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the prominence of grassland species. 
is at low levels and generally decl 
Tree pollen frequency 
i Nothofagus 
menziesii is absent and apart from rosma, scrub ies 
are virtually unrecorded. The part 1 diagram QT 0 cm -
180 cm (Fig. 6.4), excluding Cyperaceae from the pollen sum 
has been constructed for this zone. 
At the base of the zone at 120 cm the charcoal 
fragments present in the sediments; the ending of Nothofagus 
menziesii values; abrupt drop in the slowly sing 
N. fusca type curve: and the beginning of the rise to 
dominance of grassland pollen: are all consistent with a 
fire occurring at the site. The reduced frequencies of 
tree pollen persisting in the upper zone are consistent 
with the representation of undestroyed extra-local and 
regional forest in the absence of on-site forest. It is 
Ii y that the approximately equal proportions of Podocarpus 
and Phyllocladus sen ted were a feature of the extra-
local rest throughout history. 
In the upper zone (40 cm 0 cm) Umbelliferae pollen 
was initially taken out of the pollen sum of the rna 
Comparison with modern pollen showed an 
Anisotome - Aciphylla identity to be likely. Both genera 
are present in the grasslands of Prospect Hill. The 
pollen is probably predominantly Aciphylla. Ac hylla 
is a prolific pollen producer and is recorded by the 
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settlers (e.g., ,1870; Kennaway,1874; Acheson, 
1961) as being a prominent and arduous imped to travel 
in the backcountry grasslands - especially in the Rakaia -
Ashburton district where today, at Prospect Hill it is 
still common. Fresh pollen of Anisotome and A hylla is 
sticky and pollination is by insects, often crawling 
beetles and flies (C.J. Webb pers. comm.). The range of 
pollen dispersal is 1 ly to be very limited. In the 
absence of data from the water gap, the very high 40 cm 
value was regarded as gross over-representation. However 
in the equivalent zone in Windy Tarn (Zone WT 3) high 
values of Umbelli rae pollen assume the full curve only 
hinted at in Zone QT 5 Pollen distribution of Aciphylla 
may be more widesp than thought, with the suspected 
origin being wind distributed pollen the large old 
dried-out inflorescences which are charac stic of the 
species present, A. aurea. Aciphylla is seen to have 
been a widespread and important component of the fire-
induced Prospect Hill grassland. 
The insect transported Umbelli 
included in the pollen sum of the 
pollen has been 
diagram QT 0 
180 cm (F i g. 6. 4) . The additional dotted traces in this 
diagram result from use of a pollen sum excluding the 
Umbelliferae pollen. The comparison shows significant 
changes in slope angle (e.g., Nothofagus fusca type, 
rosma) I and more importantly trend rection (up or 
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down) of profiles (e.g., Podo us, Compositae) / reSUlting 
from overall increase values. The more camp 
Windy Tarn data were similarly treated (Fig. 7.2) to 
check this disturbing tor. The basic structure of the 
pollen curves is shown to remain unchanged. 
The development of Sphagnum peat recorded in the 
sediments at the beginning of the zone denotes completion 
of infilling at the coring site. The dense concentration 
roots dicate that the bog surface was well coloni 
by ra simi probably/to the present day (Appendix II). 
CHAPTER 7 
WINDY TARN 
7.1 SUMMARY 
This diagram (Fig. 7.1), although very different 
appearance from the Quagmire Tarn diagram, displays the 
same basic structure. However, being situated on 
moraine of the Lake Stream advance the site represents 
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post-Lake Stream t 
is not represented. 
Dacrydium bidwiZZii 
only, and the earliest part of Zone QT 1 
The general sequence Coprosma/grass -
Podocarpus/PhyZZocZadus t -
grassland (with minor beech) is demonstrated, but the main 
difference is the evidence for predominance of a 
floristically rich Coprosma scrub over the Podoca us/ 
PhyZZocZadus st in the forest phase differences 
are the prominent values of Dacrydium bidwiZZii type pollen 
in the lower of the zone and the very low frequencies 
of Nothofagus menziesii pollen. 
7.2 ZONE WT 1 810 em - 750 em 
Zone WT 1 correlates with that 
r the band of silt a 
of Zone QT 1 
buted to the Lake occurring a 
Stream gl advance. The vegetation represented is much 
the same, a Coprosma scrub/grassland. The main feature of 
interest is the abrupt rise in Coprosma from initial low 
values (10%) at the base of the zone soon after ice with 
drawal. 
As the high values of the Coprosma pollen in the 
Quagmire Tarn diagram show Coprosma to be well developed 
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locally at this time, the init 1 sharp rise in Windy 
Tarn Copra sma curve from low values almost certa 
represents colonization fresh Lake Stream moraine. 
This reinforces the same terpretation made for 
earl r basal Zone QT 1 data and also suggests that Coprosma 
pol has a limited di range. 
The presence of sma amounts of pollen from the 
commonly under-represented forest elements - Metrosideros, 
Weinmannia, GriseZinia and Libocedrus, at the very base of 
zone, agrees with a s lar occurrence (A stoteZia, 
Metrosideros) in the Quagmire Tarn diagram and probably 
s from an extra 1 source although possibility 
of long distance transport from Westland cannot be entirely 
discounted. Trees probably occurred near to the receding 
glaciers at this time areas such as the Heron 
basin. Low levels Podocarpus, PhyZZoc dus and 
Nothofagus fusca type pollen suggest a diversity 
as discussed in Chapter 6. 
7.3 ZONE WT 2 750 cm - 120 cm 
This zone, although clearly delimited, is complex. 
No major dominants are present. Instead a number of 
pollen types, all at intermediate frequenc s, show a var-
iety of plant communities to have been sent at this time. 
The overall impression is that the s was situated in 
scrubland. values (88%) of Dacry um bidwiZlii type 
at the beginning of the zone give way immediately to 
moderate Podocarpus and PhyZlocladus frequencies. Scrubland 
pollen types then predominate for e rest of the zone. 
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Nothofagus values slowly rease toward end of the zone 
and amongst extra-pollen sum taxa, consistently high 
values of monolete fern drop at mid-zone and are followed 
high Cyperaceae frequenc s. The zone is divided to 
sub-zones WT 2a and WT 2b 
warranted. 
Further subdivision is not 
7.3.1 Zone WT 2a 750 cm - 700 cm 
The ear dramatic Dacrydium bidwillii type peak at 
750 cm matches that in Quagmire Tarn diagram in strati-
graphic position, magnitude and brevi It conf the 
widespread presence of this phase on Prospect Hill and 
provides further evidence as to the regional nature of this 
phase of vegetation development, discussion of which is 
left until Chapter 12. 
7.3.2 Zone WT 2b 700 cm - 120 cm 
The major differences between Windy Tarn and Quagmire 
Tarn diagrams now become apparent. 
(i) The broad peaks of Podocarpus (33%), and 
Phyllocladus (40%), 1 to values of 15% or less;to remain 
at this level, and the pollen of associated broadleaved 
hardwood species is seldom recorded above the 400 cm level. 
(ii) Dacrydium bidwillii type values rise directly 
after s early,b f dominance of Podocarpus and 
Phyllocladus, peaking ~t comparat ly high values (34%) 
and continuing at stantial frequencies to 400 cm 
level where records virtually cease. This is in direct 
contrast to Quagmire Tarn where Dacrydium bidwillii type 
frequencies fluctuate around the 5% level and extend 
right throughout zone. 
(iii) The resurgence of monolete fern spores, similar 
to resurgence in the Coprosma values leads to very 
high values for much of the first f of the zone in 
contrast to the consistently low values at Quagmire Tarn. 
Pollen values for all scrub components are 
substantially higher than the trace levels Quagmire 
Tarn, with mid-zonal values of 30% (Coprosma) I 15% 
(PZagianthus) ,'10% (MuehZenbeckia, Myrsine) being reached. 
(v) though the form of the Nothofagus fusca type 
pollen curve is essentially the same as that in Quagmire 
Tarn, the mid-zonal values of N. fusca type pollen are 
noticeably higher. 
(vi) At this site only low values (less than 5%) of 
Nothofagus menziesii are present in the latter half of the 
zone. 
i) Without more detailed macrofossil evidence the role 
of the Pod~carpus/PhyZZocZadus forest is difficult to 
determine. It is possible that the site itself was 
forested at first with the initial high, combined 
pollen values of the two species (about 70%) representing 
local forest. 
ii) The drop in frequencies of both Podocarpus and 
PhyZZocZadus pollen at about 650 cm and resurgence in 
Dacrydium bidwiZZii type values at 600cm is not evident 
in the Quagmire Tarn diagram and probab results from a 
local event. At the equivalent depth in Quagmire Tarn 
(QT 550 cm - an extrapolated age of c. 8 000 yrs BP) the 
sand in the macromud, the small peak in D. bidwiZZii type, 
and the bri drop in PhyZZocZadus and following reduction 
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in Podocarpus may be related effects, but correlation is, 
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at best, tenuous. The drop in tree pol values at 
Windy Tarn may be related to a probable fire event recorded 
by the oldest of three buried soils dated at an estima 
8 000 yrs BP at Washbourne Creek 1.5 km west of Windy Tarn 
(Fig. 6.3) The pollen curves are consistent with 
expansion of D. bidwillii upon release from competition 
with tal r vegetation (Lintott & Burrows, 1973) although 
no evidence of fire was found in the sediments. Al 
it is possible that the drop in tree pollen and rise in 
scrub pollen may be an artefact rela to the change from 
inorganic to organic sediments which occurred at about the 
same time. 
Conditions on-site subsequent to the proposed 1 
deforestation were still favourable to D. bidwillii (wet 
enough and cool enough) although the concentration 
in the sediments indicates a drying out of the tarn. 
roots 
iii) The great predominance of monolete fern spores during 
this time, and the beginning of these values as the forest 
pollen frequencies drop, is entirely consistent with the 
present day expansion and persistence of the forest ground 
fern Polystichum vestitum after forest removal by and 
reversion to scrub. The grain cannot be precisely 
identified but P. ves tum is common near to the site today. 
iv) The floristically diverse scrub which is predominant 
throughout much of this zone is in direct contrast to the 
long forest phase at Quagmire Tarn. The area about Windy 
Tarn today appears to be a drier site than Quagmire Tarn 
supporting a Festuca novae-zelan tussock grassland in 
contrast to the Chionochloa rigi about Quagmire Tarn 
This apparent dryness of site (probably a local soil factor) 
ly 
combined with the very exposed and windy nature of the 
te may be reason for the predominance of scrub at 
this time when forest was well developed elsewhere. 
Riverbed scrub pollen may have been a contributing factor. 
The presence of PZagianthus pollen (P. betuZinus) in 
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persistent and comparatively high values throughout is zone 
is of interest as this pollen type is rare in Aranuian 
diagrams from the Canterbury Alps. 
is left until Chapter 12. 
Further discussion 
The early broadleaved hardwood records at Windy Tarn 
give evidence of a greater diversity of woody tion 
than is otherwise evident from the agram. These records 
appear to be unaffected during the itial drop in forest 
pollen values (at WT 650 cm) and yet virtually cease at 
WT 400 cm whilst similar records unaf ted at 
Quagmire Tarn. This is probably due to a combination of 
locali fire-reI effects and the diverse mosaic 
nature of the scrubby vegetation which is envisaged as 
occurring at Windy Tarn during this time. 
The 400 cmlevel marks a number of changes in the 
zone. In the pol diagram SUbstantial values of 
Dacry um bidwiZZii type cease, broadleaved hardwood 
representation ends, high values of monolete spore begin 
a sudden drop, and the Nothofagus menziesii record 
begins not long afterwards. In the sediments a 4 cm 
band fine sand-silt occurs at this point, lowed by a 
diminishing silt component in the macromud. 
The changes appear to have been caused by an event so 
local, or so minor, as not to have affected the pollen 
frequencies of the main forest, scrubland, or grassland 
components, and at Quagmire Tarn there is no equivalent 
pollen or sedimentary evidence. The possibil that the 
sand-silt band at WT 400 em is ived from a glacial 
advance is remote. Advances of Rakaia ice later than 
Jagged Stream were small, remaining the head of the 
Rakaia valley. An event occurring at about this time 
in the vicinity of Windy Tarn which would be consistent 
with the changes at WT 400 cm is the fire recorded at 
Washbourne Stream dated at 5 830 yrs BP (Fig. 6.3). 
However, no charcoal was found at the WT 400 cm level and 
no conclusive correlation can be made. The f 
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represented by charcoal at QT 360 cm 300 cm and not 
recorded at the Washbourne Creek exposure is probably linked 
with the grey silty mud and drop in fern values at around 
WT 350 cm Windy Tarn; at which levels in both diagrams 
Gramineae trace rises to 10% values. 
In summary, two fires occurred on Prospect Hill between 
about 6 000 - 3 000 years ago. 
One fire was radiocarbon dated at 5 830 yrs BP by 
charcoal at the lower Washbourne Stream and was not 
recorded at Windy Tarn (1.5 km distant) or at Quagmire 
Tarn (2.5 km distant). The other, at an estimated age 
of about 3 500 yrs BP was recorded by charcoal at 
Quagmire Tarn (360 cm - 300 cm), was unrecorded at Wash-
bourne Stream, but was probably recorded at Windy Tarn 
by correlatable pollen evidence and by sedimentary 
evidence at WT 350 cm The rise in Gramineae pollen 
to 10% frequencies at QT 360 cm and WT 350 cm suggests a 
fire widespread on the south-eastern flanks of Prospect 
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11 and one which destroyed an amount of woody vegetation 
extra- to both pollen sites (dominant pollen 
frequencies unaf cted) suf ient to allow the increase 
in grassland represented by the increased Gramineae pollen 
values at both sites. 
The histo of fire at Prospect 11 at this time 
appears complex,with both local more wide ad fires 
occurr at dif rent times destroying but not 1, 
of the forest there. 
For the latter part of the zone, the parti diagram 
Windy Tarn 0 - 400 cm (Fig. 7.2) excluding Cyperaceae from 
the pollen sum,has been constructed. 
v + vi) There is little change in the within-pollen sum 
frequenc s and the general predominance of scrub values 
continues, but with an increased Gramineae value of 10% 
beginning at 350 cm. Nothofagus fusca type values slowly 
increase to 15% at the end of the zone. 
-f"ves-\- of' tit-ii:. pol\~VI~+yl'~ c{{t~i\ t;v.,\! 
The extent and location of/Nothofagus fusca ( (almost 
. . . .," \ fv\tll\poSI-h~:)\'\). . 
certa1nly mounta1n beech,)\Ad~\~ tv-o·,t\'\ presev\\-~Ye5t ~ 1S d1ff1cul t to 
assess. Nothofagus fusca type pollen frequencies both at 
Quagmire Tarn and Windy Tarn indicate a slow expansion, but 
whether from near or distant sources is uncertain. From the 
present distribution of moun beech forest in the Rakaia and 
Rangi tata catchments (Fig 2.11), an obvious origin is mi on 
via the Harper Valley (where mountain beech has been present 
fI for at least 5 000 years II Molloy & Cox I 1972) to Stream 
Heron basin - Potts River into the Rangitata, from a 
source in the Waimakari catchment. However, the low 
frequencies of Nothofagus fusca type pol reaching a 
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minor peak of 27% at the of Zone QT 4 does not appear 
to support this theory. Values of Nothofagus fusca 
pollen y in the Windy Tarn record are generally higher 
than in Quagmire Tarn for the first part of the record. 
This, however, could be a function of it being a non 
site (contra Quagmire Tarn at this time) rather than a 
sted 
function of nearness to source (i.e., -Wilberforce). 
Much higher N. fusca pollen values at both sites would 
be expected at this if Lake Stream valley was a major 
migration pathway. Beech in the Lake Stream, Potts and 
Rangitata Valleys may have originated refugia surviving 
the Otiran,possibly in favourable mid-slope positions in 
the frontal ranges and foothills ((.f 
values of Nothofagus menziesii in contrast to 
Quagmire Tarn data are low, not exceeding 5%. Considering 
the postulated open nature of this site, and taking into 
account the under-representation of N. menziesii, these low 
values are taken to indicate a nearby extra-local pollen 
source as represented at Quagmire Tarn. 
Amongst the extra-pollen sum s tra, the rise to high 
values of Cyperaceae pollen may in part be a fire related 
similar to the rise in Gramineae at this level, 
but is obviously linked with the appearance of Sphagnum 
peat in the sedimentary column and the development of bog 
tion late in the zone. The role of fire the 
lopment of late Aranuian Sphagnum bogs is at present 
largely unknown. Origins of dark, steep-sided, peat walled 
mountain tarns the Windy Tarn type are also not clear. 
At Windy Tarn the steep sides and central posi of the 
tarn within the ; the great thickness (2.5 m) and 
compactness of the peat with s flat surface level with 
the tarn's outlet; the t that the peat overlies lake 
sediment; all suggest a very slow concentric encroachment 
of peat on a tarn that s remained static at its present 
level during peat development This contrasts with 
explanations of Burrows Dobson (1972 pp91, 92), who, 
for this type of bog st only a vertical development 
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of peat with the size of the tarn remaining constant as 
the peat and tarn surface elevate. On Prospect Hill some 
small hollows in the moraine surface are comp ly floored 
with compact level peat and the Windy Tarn situation is 
seen as an intermed te stage in the closing over of a 
tarn of this type 
Taking into consideration the following points: 
i) the modern pollen data from both s s in which 
Podocarpu8 and llocladu8 are equally 
ii) the matching frequencies of the Po carpus and 
Phyllocladu8 curves at Windy Tarn (taken for the most part 
as representing off-site forest) I and their stable 
relation throughout the diagram; 
iii) general presence of pollen of commonly under-
repre broad leaved hardwood elements; 
it is t that the composition the general extra-local 
forest is fairly accurately in contrast to 
Quagmire Tarn where local forest influences representation. 
Forest composition in the vicinity of Prospect Hill during 
Zone WT 2 time is thought to have much the same as it 
is in the upper Rakaia. The previously unsuspected 
prominence of scrub during this time, and the various 
in s of cool climate, glac 1 advances, natural fire, 
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and the diversity of the taxa involved, all contribute 
to a complex vegetation which was further affected by 
Polynesian and European man in Zone WT 3 time. 
7.4 ZONE WT 3 120 cm - 0 cm 
A short zone in which grassland pollen types pre-
dominate. Tree pollen values continue at reduced levels 
from Zone WT 2. Nothofagus menziesii records cease, and 
a greatly reduced scrubland is represented only by low 
frequencies of Coprosma pollen. 
The small peak in Nothofagus fusca type values, the 
subsequent drop in tree and scrub pollen, and the rise 
in grassland pollen, are correlated with similar fire-
induced changes at the Quagmire Tarn Zone 4/5 boundary. 
These further changes may be further expression of the fire 
which is recorded by the uppermost buried soil (containing 
charcoal) at the nearby lower Washbourne Stream, which 1S 
dated at 860 ± 50 yr BP (N.Z. 3941) (Burrows unpub.) I 
(Fig. 6.3). This date is within the uncorrected time 
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range of a group of radiocarbon dated charcoals from 
locations in the Cass basin which are postulated by Molloy 
(1977), to originate from one fire occurring at probably 
between 500 - 600 years ago, within the period of 
Polynesian settlement. The 860 radiocarbon yr BP 
charcoal date at Prospect Hill therefore, may represent an 
extension of the Cass fire episode. 
In general this zone confirms impressions gained from 
the depleted Zone QT 4 data. The close agreement of the 
pollen profiles of both sites at this time, tends to 
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confirm the notion of forest having retreated from Quagmire 
Tarn, leaving that site as open as Windy Tarn. The 
ov 1 simi ty in pollen spectra of both sites at 
this point, also suggests there was little variation 
in the composition of the vegetation of Prospect Hill at 
this time, and that the grassland portrayed was widespread 
at least in the vicinity of Prospect Hill. Of particular 
interest in this zone is the Umbelliferae curve which shows 
that the high value at QT 40 cm was not just a solitary 
ove sentation,as at first thought. The predominance 
of Umbelliferae pollen throughout most of this grassland 
zone and its presence in high values at Quagmire Tarn 
suggests,in the absence of modern pollen dispersal data, 
that Aciphylla, the most probable source, must have 
very prominent indeed at Prospect 11 at this time. 
The fluctuations in pollen spectra in the closing 
stages the zone are thought to be fire-induced. The 
low Gramineae value at 10 cm is not an artefact caused by 
the highCompositae frequenc s. The sharp dip in the 
Gramineae curve still remains when Compositae is excluded 
from the pollen sum and similar computation shows the 
preceding dip (60 - 40 cm) Gramineae values not to be 
an arte t of the large Umbelliferae peak. Extensive 
burning of the backcountry grasslands by the ea graz rs 
was carried out in order to rid the holdings of the snowgrass 
(Chionochloa spp.) unpalatable to stock, A phylla (Spaniard) 
and Discaria toumatou (Wild Irishman), both serious 
hindrances to horse travel and stock movement. The 
declining Umbelliferae curve (as in Quagmire Tarn), the 
high following values of Compositae (most likely the fire 
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resistant Celmisia speatabilis of today's grassland} and 
the final steep rise to dominance of Gramineae pollen values 
to the present day in both Windy Tarn and Quagmire Tarn 
all fit this interpretation. 
CHAPTER 8 
MOUNT SOMERS 
8.1 INTRODUCTION 
The Mt. Somers site at 1 275 malt 1S today a 
subalpine grassland site. It is difficult to establish 
whether the site has always been above treeline. As 
Burrows & Greenland (1979) comment,there is little 
evidence that treelines have ever been higher than they 
are at present (in the Southern Alps) . In all instances 
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of logs above present treelines, fire is involved and the 
'log line' is no higher than the undisturbed regional 
treeline. Treelines on Mt. Somers (c.l 200 m max.) are 
depressed by fire. There is no evidence in the form 
stumps or logs above the treeline to provide an estimate 
natural treeline altitude and the treelines of neighbouring 
ranges are similarly fire depressed (e.g., various authors 
in Knox, 1969). nearest known natural treeline - Harper 
Valley, c.l 200 m (Molloy & Cox, 1972) is too distant from' 
Mt. Somers and too near to the Main Divide to allow comparison. 
Judging by the altitude of the site and the N.A.P. content 
the pollen sum, is likely that the site was near 
tr~eline and situated probably with a subalpine scrub. 
The diagram ( . 8.1) is y uncomplicated and 
portrays a change from an initial scrubland/grassland to a 
long podocarp st phase. Interpretation however is not 
simple and discussion of the data is aided by the use of a 
supplementary NAP. diagram (Fig. 8.2). 
The tree pollen dominant through most of the diagram 
is considered to be derived from lower altitude montane 
116 
forest and is scussed using the main agram. The scrub 
and grassland pollen, cons red local in origin, is 
discussed using the N.A.P. diagram. 
8.2 ZONE MS I 115 cm - 95 cm 
Zone I a scrubland/grassland zone with the component 
pollen pro les exhibiting a remarkable prominence and 
diversity. Scrub pollen frequencies increase slowly as 
grassland pollen frequencies gradually diminish or remain at 
low levels. 
The high Cyperaceae pollen frequencies are shown t,o be 
of local origin by the matching abundance of dense fibrous 
peat in the sedimentary column. Of particular interest is 
the falling c.f. Scrophulariaceae values which implies a 
former abundance of this type of vegetation. The 
significance is hampered,unfortunatel~by a lack of more 
specific identification of this pollen type. For the 
greater part of the zone a Coprosma scrub/grassland is 
dominant. Myrsine appears to have been a prominent scrub 
component. Lesser amounts of PZagianthus and MuehZenbeekia 
occur towards the end of the zone. The Compositae, 
Umbelliferae PZantago and Gentiana records all demonstrate 
a diversity of subalpine grassland not evident at the site 
today. This is probably due to two torsi firstly the 
more humid summer conditions which probably obtained in 
early Aranuian times, and secondly, the recent fire history 
as evidenced by the charcoal in the upper part of the 
sedimentary column, which would have depleted the grassland 
flora. The isolated occurrence of No ofagus fusca type 
pollen at 105 cm and 95 cm may derive either from a nearby 
or a distant source. Its significance is later examined 
In the scussion of beech forest in Zone 2. 
8.3 SCRUB/GRASSLAND IN ZONES MS 2 AND MS 3 
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The history of this subalpine scrub/grassland vegetation 
which continues throughout Zones 2 and 3 is now examined with 
the aid of N.A.P. diagram (Fig. 8.2) which iminates 
the masking effect of the pollen of the forest phase. 
Excluding the local Cyperaceae it can be seen that there 
are two and possibly three phases of vegetation development 
portrayed. The final stages of a possibly be (cf. 
Scrophulariaceae) phase is followed successive by Coprosma 
and Dacrydium bidwillii type dominance. The remaining 
curves are reasonably stable, showing perhaps more evidence 
of grassland at the beginning and end of the diagram than 
in the middle where a more diverse scrub vegetation is 
evident. It would appear that apart from the change in 
scrub dominants, and a certain loss in floristic diversity 
of grassland vegetation probably due mainly to re, there 
has been little change in the nature of subalpine and 
alpine vegetation throughout Aranuian time. 
The most striking feature,also evident from the main 
diagram,is the gradual se in D. bidwillii type values 
throughout. This contrasts with the characteristic sharp 
peak in otherwise low D. bidwillii type values prior to the 
rise in Phyllocladus, which is present in other inland 
118 
Canterbury diagrams. However, none of these diagrams are 
subalpine sites. highest site previously s d, 
Woolshed Hill at c.l 000 m (Moar, 1971) is below treel 
possible. The only so comparison is not s 
comparable site is from summit of Swampy Hill (c.740 m) , 
Dunedin, (McIntyre & McKeller, 1970) I where a poorly 
drained plateau above podocarp forest supports a 
induced grassland in which logs of mainly Dacrydium biforme 
occur (I.C. McKellar .comm.). A recent fire history at 
Mt. Somers (and Swampy Hill) sites is almost certa the 
reason for the 
dacrydia in the 
absence of the fire susceptib 
day subalpine grassland reo 
gradual increase of Dacrydium vegetation throughout 
oog 
The 
Aranuian time in the Mt. Somers diagram (and also 
Swampy Hill) dif s from the pre-forest phase in 
D. bidwillii in 0 Canterbury diagrams. This gradual 
increase is thought to be a consequence of soil leaching 
and poor drainage, developed as precipi and temperature 
increased in early Aranuian. 
8.4 ZONE MS 2 95 cm - 85 cm 
For scussion of the forest pollen spectra, the main 
diagram is us Plots using an A P sum merely emphasize 
trends a evident in the main diagram. 
Phyllocladus values rise to over 50% as those of 
Coprosma and other pollen types drop. Podocarpus frequenc 
are low. 
The r ng Phyllocladus curve records the spread 
of Phyllocladus before the establishment of Podocarpus forest 
and the Dacrydium cupress~num record shows that extensive 
rimu forests were being established at the same time in 
Westland. This brief phase of Phyllocladus forest most 
probably results from the presence of local refugia whose 
presence is suggested by the low Phyllocladus values 
throughout Zone 1. 
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In the sedimentary record the change from a Cyperaceae 
peat to macromud shows the beginning of the tarn's history 
and the presence oj Potamogeton and Myriophyllum pollen 
confirms the presence of free water. 
8.5 ZONE MS 3 85 cm - 0 cm 
Podocarpus values rise to a long-continued dominance. 
Podocarpus dacrydioides and Dacrydium cupressinum records are 
typical of long distance dispersal which for the commonly 
under-represented P. dacrydioides need imply only an extra-
local source at the base of the mountain. The Nothofagus 
fusca type pollen record does not begin until half-way 
through the zone and rises only in the last 10 cm. 
It is difficult to assess the relationship between 
Podocarpus and Phyllocladus from this subalpine diagram. 
In the present day forests at Mt. Somers Phyllocladus is not 
common. At Mt. Peel, where Phyllocladus is unrecorded, the 
upwards altitudinal sequence in the podocarp-broadleaf 
forest is through lowland Podocarpus dacrydioides/P. spicatus/ 
P. totara forest - p. spicatus/P. totara - P. hallii -
broad leaved evergreen angiosperms (Allan, 1926; Kelly, 1972). 
The long continued co-dominance of Phyllocladus and Podocarpus 
pollen values at Mt. Somers probably results from an 
altitudinal zonation, with PhyLlocladus forming a zone above 
podocarp forest. A mixed or mosaic forest would be a 
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more probable interpretation were the site a low altitude 
one (as for example Windy Tarn). The presence of s t in the 
sediments up to 85 cm is taken as evidence that the mountain 
was not fully vegetated until that time. The beginning of 
the record of Podoca us dac dioides pollen at the base of 
the rise in Po carpus values is seen as indicating the 
expansion of lowland podocarp forest in area. The 
source for Podocarpus colonization of the hill slopes is 
therefore seen as being lowland plains forest. 
In the beech record the early, isolated, and relatively 
high (5%) ues of Nothofagus fusca type pollen that occur 
in Zone 1 before the main podocarp phase, are similar to 
early beech records at Kettlehole Bog and Woolshed Hill 
sites at Cass (Moar, 1971). They may derive from local 
refugia as proposed for the Cass region (Lintott and 
Burrows, 1973), but more data are needed for confirmation. 
The late~ continuous beech record, beginning at 40 cm in the 
podoca forest phase,is probably an effect a spread 
of beech rest which has raised proportional pollen 
representation to a recordable level. The very late rise 
in Nothofagus fusca pol frequencies beginning at 
10 cm accompanied by only a slight decrease in PhylLocLadus 
and Podoca us impl s that the sent extensive beech 
forest is of very recent origin. This contrasts with much 
earlier expansions of beech forest at inland sites to the 
north, e.g., Cass (interrnon tane si te ) between 8 000 and 5 000 
years ago (Moar & Lintott, 1977), Rubicon Creek (upper plains 
site) c. 6 300 years ago (Moar, 1973b) This turn 
suggests that spite the early beech record at 100 cm the 
frontal ranges at Mt. Somers at least, did not act as 
extensive beech re ia during the Otira glaciation and 
that beech did not expand there early in the Aranuian. 
However it is likely that the apparently late rise in 
beech and near absence of Noth us menziessii pollen is 
a consequence of unknown factors of site and/or fire. 
The ssibility of occurrence of small sheltered hillslope 
beech refugia similar to those at Mt. Peel today (Allan, 
1926), is not excluded. The survival of podocarp forest 
with only very small mid-slope beech enclaves at Mt. Peel 
is probably due to a moister local climate, 
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compared to Mt. Some where drier conditions and possibly 
fire may have been responsible for the competitive 
replacement of podocarp forest by beech forest. Understorey 
composition at Mt. Peel and Mt. Somers is very similar. 
The macromud continuing from Zone I implies a 
relatively high organic input (i.e. woody vegetation, rather 
than grass). This, as well as the early cessation of silt 
and the rising PhyZZocZadus values at 90 cm probably 
indicates the early establishment of a closed tall vegetative 
cover round the site scrub rather than grass. Open water 
appears to have continued until the 54 cm level where the 
red-brown root zone surmounted by dark red leaf bases and 
soil horizon characteristic of Schoenus ucifZorus 
indicates a lowering of water level. If there was no 
change in outlet level then this lower water level, allowing 
sedge growth at the coring site (centre of tarn), may be 
indicative of decreased precipitation. 
The major change in sediment type occurring at 50 cm 
where silt replaces the macromud above the Schoenus zone 
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is caused by fire. The silts contain fine charcoal 
fragments. The two Sphagnum bands within the silts 
represent halts in silt deposition. The cause of these 
interruptions in silt deposition is most probably the 
revegetation of the unstable areas/denuded by fire/allowing 
the on- te establishment and growth of hagnum bog. 
The absence of charcoal in the top 5 cm of the lower silt 
tends to support this interpretation. Reconstruction of the 
site history from top 50 cm of sediments suggests that 
a major fire episode was followed by two sser re periods 
and that revegetation of the source areas of the silt 
allowed the growth on-site of hagnum bog after the first 
two fire periods. The final top 5 cm of micromud indicates 
a return to shallow water conditions with grassland surrounding 
the tarn rather than the earl r shrubland. 
It is difficult to reconcile this reconstruction with 
the pollen evidence as the pollen curves show little change 
during this period and g little hint of the location and 
extent of the fire episodes. The on possibly related 
effects are the beginning of the Nothofagua fuaca type 
record at 40 cm soon after the beginning the first 
silt episode; and, at 10 cm or less, the rise in 
N. fuaca type values l the drop in Dacrydium bidwiZZii type, 
and the cessation of the minor records of Podocarpua 
dacrydioides, Libocedrus, MuehZenbeckia l Myrsine and 
UmbeZZiferae. More data are needed to link the beginning 
123 
of the Nothofagus fusca curve with fire and the 
changes at 10 cm are not firm enough evidence. 
The level site, its high altitude and lack of inlet 
stream, the amount of silt deposited (ne 50 cm), the 
absence organic input, the development Sphagnum 
during stable periods, and the final deposition of micromud, 
all point to near-complete destruction of local vegetation. 
However, no major effect is apparent in the pollen diagram. 
The pollen curve of the lowland forest species (e.g., 
Podocarpus dacrydioides), the spectra of the montane forest 
species, and the spectra of the subalp scrub and s 
land tation, all remain unaffected, The very late 
rise in Nothofagus fusca type and the end of the Podocarpus 
dacrydioides record,e ially may s 
f 
ify the destruction 
of lowland podocarp forest. CorreIa with the diagram 
from nearby Blondin Stream site ( . 9.1) is not 
poss and there is no charcoal evidence at that s but 
by B.S. 80 cm the dominant podocarp record there had 
virtually ceased. 
It is possible that the montane podocarp forest pollen 
of this period was ived from forest surviving on the 
steep moist southern faces of Mt. Somers and Mt. Winterslow 
(whose present beech forests have largely escaped recent 
European fires). The silts and charcoal could have been 
der from the drier north west slopes of Mt. Somers but 
it is possible that they were windblown from much further 
away (e g., in the Lake Heron basin). The general absence 
of st in the Heron catchment and on the north 
western slopes of Mt, Somers (where today a single mature 
beech tree survives in the midst of an extensive protective 
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boulder ) supports both these views The general 
absence of Dacrydium bidwillii from the present sub-
alpine grassland also indicates that recent firespat 
least must have involved the site. 
I 
The fire history 
within environs of Lake Heron basin is likely to 
be complex. 
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CHAPTER 9 
BLONDIN STREAM 
9.1 SUMMARY 
This diagram (Fig, 9.1) covers the latter part of the 
podocarp forest period and the beginnings only of a grass-
land period where presumably beech forest so attained its 
maximum extent. Data is lacking for top 80 em/due to 
fluid sediments and unsatisfactory surface samples. 
9.2 ZONE BS 1 200 cm - 100 cm 
Dominant Podoca us values (40 - 45%) in the first f 
the zone gradually rease to 24% at the end of the 
zone as scrub and grassland values increase. The 
Nothofagus record (Nothofagus fusca type and N, menziesii) 
ins at mid-zone with N, fusca type values fluctuating 
about a 10% value 
the development 
Rising values 
on-site swamp. 
Cyperaceae record 
The dominance of Podocarpus pollen (P, spicatus with 
some P. totara/P. hallii) shows the site to be within a 
p, spicatus dominant podocarp st, probably much the 
same as the present day forest at similar locations at 
Mt. Peel (Allan, 1926; Kelly, 1972) The prominence of 
pollen of scrub and forest marginal shrubs (Coprosma, 
Plagianthus, Phyllocladus),mak up about half pollen 
sum,most likely reflects the presence of a ma 
band although this community would have also 
in the valley of Blondin Stream. 
shrub 
present 
In the lower part of s diagram, presence of 
Weinmannia pollen in comparative abundance (7%) 
is of interest, as it is first substantial record of 
this pollen type in a Canterbury diagram. The 
possibili ,shown by the declining record,that this tree 
was forme more abundant is of further interest as 
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detailed Chapter 12. The general absence of Podocarpus 
dacrydioi s pollen from this podocarp st phase is 
surprising. It was expected from 
presence of this pollen type during 
long continued 
podocarp phase of 
the Mt. Somers diagram, and from the presence of 1 
pockets of P. dacrydioides lowland forest nearby at ford 
forest ~ore so) at Mt. Peel, p, dacrydioides pollen 
frequenc s at Blondin Stream would be far more prominent. 
p. dacrydioides must have been restricted to the forests 
of the more extensive low-lying river terraces of the 
Ashburton River at base of Mt. Somers and not sent 
to any extent in the more steeply tributar s. 
Site factors such as the masking e t of marginal trees 
at this relatively small site may have had a contributing 
ef t 
The PhyZZocZadus pollen is not thought to de from a 
PhyZZocZadus component of mixed Po rpus/PhyZZocZadus 
forest as present the upper At Blondin Stream, 
PhyZZocZadus values do not match the declining Podocarpus 
s at the end of the zone as other Canterbury 
diagrams (e.g. Windy Tarn; Lake Henrietta, Maar, 1973a) but 
remain relatively steady, matching instead the Coprosma 
curve. Intermediate values of Podocarpus (40%) indicating 
a site presence of forest, and the variety and abundance 
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of scrub pollen, contribute to show Phyllocladus to present 
on bog margin (as occurs today elsewhere in 
mountains) and comparat unaffected by the tors 
(decreasing precipitat 
Judging from the high 
fecting the podocarp rest, 
llocladus pollen frequenc s in the 
Quagmire Tarn diagram,which represent on-site forest, a 
relatively narrow band PhyZlocladus is likely to have 
been present at the Blondin Stream site. Unfortunately 
the pollen record does not extend back far enough to 
show what role Phyllocladus played at this upper plains 
site, prior to the podocarp phase. 
The Plagianthus curve tends to match that of Podocarpus. 
The decline in Plagian us (the forest ies P. betulinus), 
half way through zone/coincides with start of the 
decline in Podoca us values and is most probab linked 
with the decline podocarp forest. Its immediate drop to 
low values is probably due to a more re ecological 
tolerance and shorter life history than Podocarpus spicatus. 
Beginning at 150 cm the decrease of Podocarpus values 
towards end Zone 2 as well as the gradual increase 
in Lepto rmum and the overall increase in Gramineae, is 
seen as probably being due to a drying in cl 
as already evidenced by the Weinmannia decline. It may 
attributed perhaps more directly to the series of fires 
which are recorded by charcoal the sediments of the Mt 
Somers te and which begin about this time (assuming 
correlation of the beech curves in both diagrams) . 
gradual rease in Leptospermum and Gramineae could a 
reflection of both a trend towards the driertlowland plains 
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Podocarpus spicatus/Leptospermum ericoides mosaic forest 
and of fires. The lopment of swamp vegetation 
as demonstrated by the Ii ration of roots in the 
macromud and the sequential 
curves is likely to have 
rmium and Cyperaceae pollen 
so been influenced by re 
climate. Charcoal is ent at the base of surface 
Sphagnum root zones in several bogs in montane Canterbury 
(e.g., Kettlehole Bog and Lake Hawdon, Cass, (Lintott & 
Burrows j 1973); Quagmire Tarn, Rakaia, (this study» and the 
transition from water to swamp at this 1 low the 
outle~points to decreased precipitation at this te 
where the inflow der s only from the local s. 
Low beech va s (No ofagus fusca , lO%j N. 
menziesii, 1%) beginning as Podocarpus values 1 
almost certainly represent the same general source as the 
Mt. Somers records and indicate an extra-local expansion 
favoured by drier conditions and possibly by 
fire, jUdging from the Mt. Somers evidence. Further 
discussion of is continued in Zone 2. 
9.3 ZONE BS 2 100 cm - a cm 
Gramineae pollen frequencies rise to dominance 
accompanied by rises in Compositae and lete spores. 
Pollen of woody species dec 1 
The rise to dominance of Gramineae 
at 100 cm,accompanied by increasing f 
and sharp decreases in pollen 
len beginning 
s of 
all woody Composi 
species 
diagrams 
Nothofagus,is a change cornmon to many 
Canterbury (e.g., Pro IIi Cass, Moar 
1971), that is recognized as being due to fires of 
probable Polynesian origin (Molloy, 1977). 
There is further evidence for fire (Molloy, in Harper 
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1972) in the gen area Mt. Somers on the upper plains 
about Rangitata River. Soil charcoal evidence suggests 
that apart from a small area opposite Peel Forest, the 
environment (dry climate and shallow stony soils) was 
hostile to true forest and that a dense and more or less 
continuous kanuka (Leptospermum ericoi s) scrub existed 
prior to Polynesian fires. Radiocarbon ng shows 
these f s to have widespread on the upper plains 
about the Rangitata 500 - 1 000 years ago. 
The low values of beech pollen show that beech has not 
occupied the site within the duration of the diagram. 
Judging from the presence of totara in Blondin Stream 
val and the odd remnant pockets of broadleaved 
angiosperm species in the district, beech has not been 
present here in more recent times e The extension 
of ford beech st a few kilometres onto the pIa s as 
recorded by Torlesse in 1849 (Maling, 1958) appears to 
have been a local feature in that area. The consistent 
low values of Nothofagus menziesii pollen beginning shortly 
after the Nothofagus fusca type curve is not likely to 
represent silver beech component a mixed forest 
as in the Raupo Pond diagram but rather an expansion of 
remnant patches. only major occurrence silver 
beech in the area today is a discrete stand within mountain 
beech forest at Mt. Somers directly across the Ashburton 
river Blondin Stream. 
beech pollen In both Blondin Stream and Mt. 
Somers diagrams is 1 ly to be from the same general 
source, but relationship between the two curves 
cannot be ascer ned because of the sparate nature of 
the two sites and lack of radiocarbon controls. Although 
reliable correlation cannot be made it is I ly that both 
beech records begin at the same time. The combined data 
however are insuff nt to allow any firm conclusions 
to be made concerning the various ro s of al refug 
versus southward migration of the northern beech forest, 
or drying climate, or fires, in determining the detailed 
st history of this area. 
The picture obtained is that the lowland podocarp 
forest in the immediate vicinity of Mt. Somers was 
el nated by drying cl and f and was replaced 
by grassland while Mt. Somers itself remained rested 
or at least partly so - a conclusion reached independently 
from the Mt. Somers data. Beech st in the area was 
probably located in the lower foothills and expanded most 
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likely as a result fire as the podoc forest lined 
but was never on-site at either Blondin Stream or Mt. 
Somers sites. 
Blondin Stream data shed no further light on 
origin of mountain beech forest in the Mt. SOmers area or 
on the origins of silver in the Mt. Somers or Upper 
Rakaia districts. Nevertheless pollen evidence from this 
site shows that expansion of both Nothofagus fusca type and 
N. menziesii forest components occurred at the same time 
and that sources appear to have been discrete rather than 
mi There is also dence that Weinmannia was a 
prominent component of the early podocarp forest at the 
base of the foothills at Mt. Somers indicating an earlier, 
wetter period than at present. 
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CHAPTER 10 
RAUPO POND 
10.1 PREFACE 
Raupo Pond is situated beyond moraines of the late 
(PO\l\\te\"" ~~) 
Poulter glacial advance(and within moraines of early 
(rv",ltl:,\O 1) 
Poulter age(( g. 4.9). Deposition of the sediments 
sampled was thought to have begun ln late Otiran time 
beginning after the early Poulter glacial event. The 
great depth of sediment (14 m) and the basal glaci 
clays supported this idea. However the pollen diagram 
con rms very well with the Canterbury Aranuian pollen 
zones of Moar (1971) which cover post late-Poulter time. 
A possibility existed of revegetation beginning in the 
mid-Poulter interstadial and con nuing largely unaffected 
by the late Poulter advance. Conforming with this 
possibility was the distance of the s from the centre 
of South Island glaciation (and from the Main Divide), 
and the limited extent of late Poulter ice in the Sisters 
Stream Valley (and more espec lly in the Waiau catchment 
further north (suggate, 1965)). 
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In the absence of a bas radiocarbon date establishing 
the beginning revegetation an extrapolation was made to 
try and cl fy the issue A reasonably constant 
sedimentation rate was implied by the general uniformity 
in texture and density, and the great thickness of the 
micromud which extends down to c. 1 200 cm. Extrapolation 
beyond the 6 990 14 C date at 675 cm based on a constant 
sedimentation rate of 1000 yrs/m appeared reasonable. 
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The resulting timing of the rise ln Podocarpus pollen 
values at about 1 050 cm (c. 10 500 yr B.P.) is consistent 
with present knowledge~and the tailing off of (rapid) 
inorganic sedimentation at 1 300 cm - 1 200 cm is consistent 
with the timing of the end of the late Poulter glacial 
advance (Suggate, 1965). 
If the diagram is accepted as spanning post-Poulter 
time then a stratigraphic time gap exists between the 
beginning of the sediments sampled and the moraines of 
early Poulter age upon which the site is situated. 
Organic sedimentation in Raupo Pond may have begun on 
periglacial sediments deposited during the mid-Poulter 
interstadial, but a more likely explanation and one 
taking into account the basal blue-grey glacial clay, is 
that formation of Lake Taylor and Raupo Pond did not begin 
until post-Poulter time. This could be due to stagnant 
ice of the early Poulter advance having persisted in its 
terminal position through the mid-Poulter interstadial with 
ice subsidence and lake sedimentation not beginning until 
late- or post-Poulter time. A similar situation occurs to 
the south in the Poulter valley (Gage, 1958) and possibly 
also in the Boyle valley to the north (Clayton, 1965). 
10.2 SUMMARY 
A clear sequence of vegetation types is depicted in 
this diagram (Fig. 10.1) A Coprosma scrub/grassland/fern 
association is followed by a succession of forest types: 
a short PhyZZocZadus phase, and two longer phases of 
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Podocarpus and Nothofagus respectively. 
10.3 ZONE RP 1 1 400 cm - 1 300 cm 
Coprosma values rise steeply at the beginning of the 
zone from co-dominance with Gramineae, to peak at mid-zone, 
where values for monolete ferns also peak. Gramineae 
values drop throughout the zone from a position of initial 
co-dominance. Other scrub and grassland pollen spectra 
show little change with the exception of Coriaria which 
drops to trace levels at mid-zone. 
The rise in Coprosma and fern, and the decline in 
grass, represents either a general change from a grassland 
vegetation existing prior to this record or more probably 
(judging from the Prospect Hill data), a local succession 
of colonizing vegetation on the surrounding moraine. 
Certainly the picture presented - grassland with Cyperaceae 
and the nitrogen fixing colonizer Coriaria giving way to 
a Coprosma dominant scrubland with fern, fits the pattern 
of known succession on moraines (Stevens, 1968; Burrows, 
1973; Wardle, 1973) although not necessarily the time 
scale. Low values of tree pollen ranking in order of 
their later dominance (Phyllocladus 7%, Podocarpus 2%, 
and trace of Nothofagus fusca type at base) I show elements 
of these forest types to be within pollen dispersal range 
at this time. 
The gradual change in the sediment from clay to 
silt, and the subsequent root zone, clay band, and 
Cyperaceae-type vegetation horizon at the end of the zone, 
demonstrate that shallow water was present and that local 
vegetation was generally sparse. 
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10.4 ZONE RP 2 1 300 cm ~ 1 100 cm 
PhyZZocZadus pollen predominates and moderate values 
of Dacrydium bidhliZZii type pollen are limited to the 
zone. Moderate values of Coprosma also occur, Podoca us 
pollen frequencies are low, and grassland and shrub pollen 
drops to trace levels. 
The rise in PhyZZocZadus pollen frequencies to 
dominance (80%) and the drop in Coprosma values to low 
levels records the establishment of PhyZZocZadus forest. 
The moderate Dacrydium bidhliZZii values throughout the 
zone, and early small peak as PhyZZocZadus assumes 
dominance, shows that in contrast to other inland 
Canterbury si tes, Dacrydium bidhli Z Zii did not appear to 
rm a prominent pre-forest phase but was probably present 
only as a pond-margin. component. 
The rise in podocarp values from Zone 1 shows that 
*' Podocarpus (mainly P. spicatus) was expanding, probably 
within Sisters Stream valley and approaching the site 
jUdging by the local presence shortly after in Zone 3. 
The trace presence of Metrosideros and Podocarpus 
dacrydioi s at the end of the zone tends to confirm this 
interpretation. Moderate levels of Coprosma pollen 
probably derive from a scrub belt surrounding the pond 
The trace amounts of Nothofagus mensiesii pollen at the 
beginning and the end of the zone most probably derive from 
the same source as the N. fusca,type by long distance 
dispersal probably from northern forests 
In the sedimentary record the varying concentrations 
of roots and complex banding suggest shallow water while 
the change from silt to organic mud, coincident with the 
rise in the Phyllocladus curve shows that a stable plant 
cover had been achieved. The fine nature of the mud and 
the general paucity of macrofossils is thought to be a 
result of the distance of the coring site from shore in 
this large pond, rather than being evidence against 
the pond being surrounded by forest. The presence of 
high levels of Isoetes throughout much of the early 
diagram,implying free water, tends to support this view. 
10.5 ZONE RP 3 1 100 cm - 600 cm 
Phyllocladus drops to low levels as Podocarpus 
rises to a long period of dominance, pollen frequencies 
of Phyllocladus~ Coprosma, and Dacrydium cupressinum 
are low and the Nothofagus record begins late in the zone. 
The rise to dominance of Podocarpus values records 
the expansion and probably widespread development of 
podocarp forest (P. spicatus dominant over P. ferrugineus; 
P. hallii/P. totara also present) in the Sisters Stream 
valley. The presence of P. dacrydioides pollen at low 
values, and limited to this zone together with the broad-
leaved/evergreen angiosperm genera Weinmannia, Griselinia, 
Pseudopanax,and Pseudowintera in particular, shows 
that forest probably surrounded the tarn and suggests 
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that conditions were moist. The micromud present through-
out this zone (and the next) is typical of deepwater 
conditions,being of great thickness, of consistently fine 
grain-size,and structureless - lacking in roots and current 
bedding. Low frequencies of Coprosma pollen and occasional 
presence of Tupeia records the continuing presence of 
scrub around the margins of the pond. The Dac~y um 
cup~essinum record begun zone 2 assumes unusually 
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high values (up to 10%) throughout this zone (and next) 
if the pollen originated in Westland. At Springs 
20 km nearer the Main D , D. cupressinum values are 
steady at on 2-3%. The general form of the D. c ~essinum 
file at Raupo Pond, extending throughout the d 
over several periods of major change in tation and at 
consistently low values,is cal of long distance 
spersal of a forest tree and is similar to that in 
other Canterbury diagrams. It is possible that the 
higher frequencies are a function of the comparatively 
size of the open pond as compared to ngs Bog. 
Nevertheless values on whole are thought too 
1 for an entirely western origin. An unconfirmed 
sighting of D. cup~essinum near Lake Sumner and the 
occurrence of D. cupress~num not far distant at Mt. Grey 
(Burrows, 1969b) may support the possibility of an extra-
local origin. The sharp fall in Podoca~pus values and 
the abrupt ending of representat of sub-canopy 
ang rm elements (also P. dac~y ides) at end of 
the zone demonstrates the replacement of podocarp rest 
near site by be 
A major event causing the decreasing presence of silt 
over some 200 cm (a period of pos 2 000 years) occurred 
at the 700 cm level. A search of literature revealed 
nothing of seismo cal events occurring in this active 
area at about this t and there is no evidence of glacial 
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advances in Sisters Stream catchment to which 
silt could be attrib Although no charcoal fragments 
were found, a poss le inte tation is t a fire 
occurred in drier hills within catchment of Raupo 
Pond, influencing the spread of beech in these 
areas where it would be more competitive than on the 
wetter valley floor. 
A s lar fire may be respons le for the silt 
increment of the micromud extending from 1 125 - 900 cm. 
10.6 ZONE RP 4 600 cm - 0 cm 
Nothofagus fusca type pollen rises steeply to a long 
period of dominance and Ils in f ncy near the end 
of the zone where pollen frequencies of grassland and 
swamp vegetation increase to low or moderate values, Low 
values of Nothofagus menziesii, Podocarpus, Dacry um 
cupressinum, Phyllocladus, and rosma pol n, continue 
throughout the zone, Ascarina pollen is present. 
Podoc forest was aced by but the 
Podocarpus pollen frequencies, continuing throughout the 
zone at about 20 show that acement was not complete. 
Podocarp st (mainly P. spicatus) probably remai as 
patches in favoured locations. The continuing absence of 
pol n of sub-canopy elements (and P.dacry oides) suggests 
that podoca forest was rely repl by beech on the 
valley floor about the tarn. 
Unfortunate the proportions of mountain to red ch 
pollen, and thus the composition of the st, cannot be 
determined as the pol n types are practically indistinguish-
ab (Harris, 1956, 1957,) Forest today is virtually absent 
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few small stands of Sisters Valley 
sent are solely of moun n beech. These may sent 
a former mountain beech dominant forest, in contrast to the 
forests of the upper Hurunui valley. Nea 
with minor amounts of silver beech only occurs ln 
small amounts in pockets of forest around the west end 
Loch Katrine. The recovery of a red beech leaf from 
490 cm in the sediments,at the beginning of the dominant 
ch pollen profil suggests that red beech in the past 
may have been an important if not dominant component of 
the valley forest,s lar perhaps to the tall stands of 
pure red beech on 
at the outlet of 
The consiste 
other side of the Brothers Range 
Sumner. 
low N. menziesii extending 
back almost as far as the dominant N. fU8ca type values, 
and unaffected by is taken to be on-site arrival of 
Nothofagu8 fU8ca type forest, is typic of long distance 
dispersal. In contrast to N. fusca type pollen, for 
silver beech this not imply great distance, but 
probably indicates an extra-local presence. Similar low 
silver beech pollen values at Windy Tarn in the Rakaia 
valley contrast th high on-site va s at Quagmire Tarn. 
Silver beech was never a major component of the adjacent 
forest about Raupo Pond jUdging from substantial 
proportion of silver beech pollen in Springs Bog modern 
pollen data. The source most likely would have been the 
silver beech component of the beech 
Hurunui val 
The trough in the Nothofagu8 
100 cm is not easy to account for. 
sts of the upper 
ca type curve at 
It may possibly be 
a site effect linked with approach on-site of the 
Typha swamp or it may to contamination from mixing 
of the fluid sediments ng sampling. 
Trace amounts of As na pollen are virtually 
restricted to this zone almost certainly derive from 
the lowland forests of Wes where Ascarina Zucida is 
common. Ascarina pollen is widely ,dispersed by wind 
(Moar, 1970b, 71; Mildenhall, 1976; McGlone & Moar, 1977) 
The absence of data from the top 90 cm restricts 
interpretation, but it is known from old records (Acheson, 
1961) that the valley vegeta 
grassland when first dis 
was already tussock 
by Taylor and Sheppard in 
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the 1860's. The Hurunui val was a major Maori routeway 
to Westland and Burrows ( s.comm.) has found abundant beech 
charcoal in soils of the tus 
Loch Katrine. It is almost cer 
were responsible for forest dec 
area (Molloy, 1977). The sur 
sland/scrubland at 
that Maori fires 
n here as in the Cass 
sample pollen spectrum 
certainly reflects a reduction in beech rest and an 
e in grassland species. 
In the extra-pollen sum record, the 1 curves 
Potamogeton, Isoetes, Cyperaceae and Typha, 
with 1 remains in the sedimentary column, trate 
the on~site of Typha swamp. 
CHAP'I'ER 11 
SPRINGS BOG 
The period covered by the agram (F .1Ll) lies 
completely within the beech zone (Zone RP4) of the Raupo 
Pond diagram and depicts a stable period of mixed beech 
forest. The timespan is therefore consi to be less 
than 7 000 years. 
The occurrence of leaves of mountain and silver beech 
throughout the sedimentary column shows that the site was 
always in forest and forest was composed of mountain 
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and silver beech,as today. The absence of the more tender 
leaves of red beech is not thought to indicate the sence 
of this s ies. Aerobic conditions at the bog surface 
appear to quickly destroy red beech leaves while the 
tougher leaves of the other ies survive. 
The diagram is composed of pollen spectra from four 
n sources the on-site beech forest, the developing 
bog (Sphagnum, Cyperaceae), the bog margin vegetation 
(Coprosma, rn, Gramineae, herb), and the podocarp forest 
of Westland over the Divide in the Taramakau r 
(Dacrydium cupressinum, Podocarpus spp., p, dacry oides). 
The information available from this diagram is 1 ted 
but valuable. It is e ially unfortunate at this mixed 
beech forest site that the role of red ech cannot be 
determined. The following points are of rest. 
(i) In this stable site environment the unchanging 
proportions of beech pollen spectra are seen as 
providing important evidence that the fossil pollen 
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relate directly to the modern pollen spectrum and that 
principle of uniformi anism may be used with some 
of confidence at least with respect to beech species. The 
eleven analyses making up diagram provide a mean 
frequency of 88% (ran 84% to 93%) for the beech len 
using a pollen sum excluding aquatics, spores, and 
This figure may be re as a first approximation to the 
fixing of a value for on site beech forest. If 85% is taken 
as a working measure, 
that any beech pollen 
(Average distance of cor 
60 rn). 
can be said with some confi 
ue over 85% denotes on- te 
site from nearest rest 
(ii) The unchanging values of the long stance 
st. 
transport pollen s st that there has been no major changes 
of the Westland forest types over the Main Divide the 
Taramakau River during this time. This might as 
suggesting little change in the "beech gap" boundary there. 
(iii) is no evidence of fire at this site either 
in the s or in the pollen spectra. Man-made fires 
do not appear to have extended up the Hurunui valley. 
CHAPTER 12 
DISCUSSION 
12.1 INTRODUCTION 
Detailed examination of the pollen diagrams has shown 
the individual sites to have had diverse histories. The 
relation of these site histories to the present knowledge 
of forest history is now shown by inclus of these data 
in a general appreciation of the histo 
vegetation in montane Canterbury, 
1 development Of 
The influence of local site factors in vegetation and 
pol representation is perhaps greater than previously 
recognized (e.g., Quagmire and Windy Tarns) and so it has 
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been It that the in tation of a pollen diagram should 
be presented in two steps. First an individual, detai 
site history reconstruction, followed secondly, and 
separately, by an examination of the relation of the site 
history reconstruction, in broad terms, to the known pattern 
regional vegetation history. 
sites should not be thought of as 
Diagrams from montane 
ing directly representative 
of the regional vegetation history. In the process of 
reconstruction vegetation history in areas as large as for 
example a major r catchment l although there is little 
need at present for individual s histories, such 
histories will be required in the future when more detailed 
palaeo-environmental reconstruct s will be developed 
from a higher density of sites Workers in New 
Zealand have tended to generalize too quickly on the 
historical state of the vegetation from pollen evidence 
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without fully accepting that the pollen record, particularly 
in montane areas, may be restricted in representation. 
The s histories are summarized in Tables l2A, l2B, 
l2C. These histories, as well as adding further evidence 
to the data accumulating on the Aranuian development of 
vegetation and climate in the South Island, also provide 
information on:-
i) the timing of forest expansion in montane Canterbury, 
ii) the spread of beech on the eastern side of the alps, 
iii) the history of the isolated silver beech stands in 
Canterbury, 
iv) the incidence of fire in the areas studied. 
The apparent differences in the overall trends of 
vegetation development relate to the sent day distribution 
of forest types. The diagram from the Raupo Pond s 
within the beech forest of the northern South Island,fits 
very well with the five pollen zones of Moar (1971). On 
the other hand the diagrams from Prospect Hill and Mt. Somers 
sites, which are near the southern fringe of the main northern 
distribution of beech forest and subject to considerable 
fire histories, do not conform so well, exhibiting no 
distinct beech phase and displaying substantial variations 
in the record of the main podocarp phase. In general u 
however, the pollen diagrams illustrate a development 
soon after retreat of glaciers from their last Otira maxima 
from grassland/scrubland through scrubland to st, 
with grassland becoming prominent again in recent times, a 
pattern conformable with that established for Canterbury 
by Moar (1971). 
Table 12A Prospect Hill, summary of site 
histories. 
PROSPECT HILL SC~~RY 
Date yr B.F. 
120 
860 '·c 
1 '·C 
- 260 em) 
e. !l !leo 
s eJO "e 
e. S 000 
Reco~st:uction of Events 
fires, early Europe~n grazicrs pasture improvement 
Fires, pre-European 
Fire, charcoal soil at Washhourne Stream, 
depletion of prospect Hill forest and scrub, 
g:assland predominant 
Mountain beech cont1nuini to expand but no~ a 
major forest cOffiponent on-site 
Expansion of Nothofa."s me"alQsi, (probably partly 
fire inducedJ, N.M_ on-site at Q.'1'. at expense of 
Phy!loc~~du8, not at ~.T. 
Fire in the Prospect Kill vicinity 
Fire, middle charcoal soil at lower W.ahbourne 
Stream 
Climate slcwly becoming drier 
Beginning of slow expansion of mountain beech 
forest 
Deforestation ~vent - brief increase in 
Dacr~diun bia~iLLii, scrub and at O.T.# 
eefQrcstatio~ at W.T.; with increase of 
D~ bi..!4·{'!!i~ 'th~n in O.T. rh,e in ground fern, 
deforestation at Washbourne Stream subsequent 
to a st~ble period rc~resented by lowermost 
iliature soilR Scrub begins a long period of 
prc:mine:lce t. t \.:. T. 
pre 9 520. "e Jagged Stream glacial event 
iBurrovs &. 
Russell, 1975) 
10000 I'C 
(660-690 em) 
11 ~OO "e 
('130-745 em) 
"ro 11 900 
!)czr~JC!i:..f'I'/ bic!JJillii phase r.'Iarking overall \oIarrnin9' 
of climate, ~eginning of rorest vegetAtion, 
on-site rh~:lc~:JJus dominant forest at 
O~'l~, r,"',?<?~"'(n'llZl(f/FjI31L~"rltl',f:1(1 W.T. 
3rief d~t~rio~ation in climate 1~3din9 to Lake 
glAcial advance 
Stream 91~ci31 advance and rctreut, 
coloni,ation of Lake Strea~ ~rainc 
Ret!'cat o~ Lake Heron ice, cojonizt'\tioT! of 
!':'Io:Jlinr: 'Io1!.th :C';-r{lp~a scru~-gra$81and and !I.:rfl, 
?::ooable of extra-local pockc-ts of 
forest ~nci mara distant beech 
Polle~ & Sedimentary Evidenee 
Cuagrnire Tarn 
e. 10 em, steep rise 1n Graminea$ 
40 crn; steep decline in 
l.lmbelliferae 
120 ern~ charcoal, drop in 
NothofasuF fucoa type frequency, 
rise in grassland pollen 
N.f. type rise to low peak at 
1:30 em 
320 em: 1st definite N.m. record 
260 e~: N~m~ rise in dominance 
360 cm: start of lift in grass 
values to 10\ 
360 ~ JOO em, charcoal in 
sediments 
Slow decline in Padacarpu. 
increasing beech and grass 
400 em; beginning of definite 
N.f. type record 
560-540 em: eand component in 
sediment 
550 em, brief drop in ?r.yZZocZadus 
later decrease 1n Podocarpu' l 
amall peak in D. bid~i!!'i type 
and scrub 5poctra~ 
690-660 em: D. bid~iZZii type peak 
670 C~, steep rise to dominance in 
N::.; 1. toclad:"3, rise in 10n9 
continuce Poc.oc'lr;)I1.o 
7~O em; brief sharp reversal in 
CO;;1'03I:1a and c:urve:G, etc .. 
730-690 em 
750 C~J bottom of hole, bluo-grey 
gladal clay 
po':'lcn l-~cords 
40 em: 10 em silty p". t "teep dee'line 
in l.lmbdHfero.e 
lI·f. type 10 ... • pealc of 
120 em 
350 e~: beginning o! 
N.r:1~ record 
350 em; grey silty 
mud, values 
lift lOt, drop in 
hi~h r,-.onolete spore 
values 
400 e:n sa"d/sil t 
band """ith silt 
eo:rponent in following 
sediment 
Inereas~r.g beeeh and 
grass 
550 e~, begi~~in9 of 
definite :;.j'. type 
record 
c. 650-600 em; 
in forest pollen, 
in "~nolete fern~ 
Cc[r~£~c scrub values 
beco:,:,:e prornincr.t 
60C~400 c;:,.,D.h':ed!Hi 
type res~rgo~ce qreat-
er than i:'l O.T~ 
Silts rpost-':.bid::,;aU 
ty~e veak) extending 
to 600 cm 
750 e=: ~. ~id~i!!ii 
peak 
7~O ern: ini~i~l hiSh 
prl:.l l !;;.c ta r ... -;",; and 
P~d~CCr?U3 values 
aoo em; bottom of hole, 
blue-;rcy glacial clay_ 
rise ill :~;r~~-: ov.r 
lnit:'al c;rass 
Table l2B Mount Somers district, summary 
of site histories. 
Recor.structlon of Events 
Declining uppcr 
further rec!ucec! 
re::la.cee: by 
r~~ainec forested or 
podocarp forest 
and 
while Me. Somers 
par<ly so. 
( General spread of beech forest in the 
area, possibly tri9gered by fire, at a 
~i~e when conditions were causing 
decline in the upper plains po do corp 
fo=est~ 
Beech forest was probably located in 
oiddle/lower foothills locations. 
Cc~position of beech forest was 
~our.tain beech on the upper slopes 
with ?3tcr-es of silver beech included 
else~here. 
Decline 
fores':. 
c;r,dClally 
crying clir.:.ate. 
fire in the Mt. Somers district 
through the podocarp f?rest 
Dcc~¥li~~ becomes donifiant over 
CoprQsna in s~alpine scrub early 
in the forest and remains 
do:::tinant 
Spread of forest occurs; pr.2~rocladus 
follo'Wcd shcrt!y af:er by podocarp. 
Subalpine C~?ros,'1'/a scrub gains 
~orninance over floristically 
diverse subalpine/alpine grassland. 
A Ec!-c component may have 
earlier. Beech 
pol~en dis?e~sal range. 
MOUNT SOMERS DISTRICT SU~~RY 
Pollen & Sedimentary Evidence 
Moun t Some rs Blondin Stream 
5 - 0 
15 - 5 
40 em, 
cm; 
cm; 
Macromud with fine charcoal 
fragments a 
Silt with fine charcoal 
fragments; Sphagnum band at 
12 cm; nO change in trends of 
dominant Pococarpus and 
locladus cUrves despite 
and charcoal presence. 
100 em; 
Beginning of low « 5%) 160 cml 
Nothofa~". f"Bea type values. 
N~ fU8ca type values are never 
hi9h enough to suggest on-site 
presence or nearby abundance, 
pollen SOurce must be downslope., 
No N. menzisaii pollen except 
one grain At 0 cm. 
Steeper decline in ?odocar;ks 
values and cecline in associated 
scrub species frequencies; 
abrupt rise in Gra~ineae and 
acco~panying rises in grassland 
spectra. 
Beginning of $ot:.hofagI4B j't.l8CCl 
type record, frequencies vary 
about 5 - 10%. N. me~zieBii 
record (2 - H) begin when :I.fu.ca 
type values first reach their 
maximum at 130 em. 
N. f .. sca type values are never 
hi9h enough to suggest on-site 
presence and sub-fossil 
Podocarp"s logs in Blondin Stream 
Valley show forest subsequent 
to the period covered by 
diagram not to be beech 
N. miJr::;icG~i 
S11 vcr beech 
in the district is in 
stands rather than being a 
component of mixed forest. 
150 eml Podoearpu8 values begin steady 
decline .. 
50 - 25 em) Silt,containiny fine charcoal 
fragments up to JO em level. 
6S em; Gradual rise in Dacryd~um 
bidwiZLii type values at 105 
em beooming dominant at 
as - 15 em; 
95 - 85 cm; 
65 em and continuing to 
to broad maximum of nearly 
60\ NAP sum. 
Podocarpus values rise to 
Phy l.locladu8 frequenoies 
to high values (53\). 
115- 95 em; Cop:rosma values become dominant 
(40%) over grassland 
frequencies. 115-
c.f. Scrophulariaceae 
at bottom of hole drop 
and er.d at SS em. 105-
low (5% • nJ isolated countS 
of II. f"8Ca type pollen. 
Table l2C Lake Sumner district, summary of 
Raupo Pond site history. 
O"p:h "III 
(x10 .. "'lie? 
as far as 
1 200 cm ) 
SO 
100 
250 
500-550 
650 
675 
700 
000 
1 100 
1 125 
1 150 
1 175 
200 
1 250 
1 300 
1350-1 400 
RAUPO PO~O SU~~~RY 
Rcconstruccion of Events 
Decreased beech for~st (man-caused fires). Pinus 
and SQ!i: records of European man. 
Typha on-site. 
expansion of grassland. 
Beginning of T)rpha swamp. 
B~cch forest replaces podocarp on-site: podocarp 
forest still present. 
Silver beech in the vicinity. 
Possible fire in hills, probable brief expansion 
of marginal scrUb, mountain/red bee"h in the 
vicinity. 
Podocarp forest cn-site with P.dac~yd'oidg. 
present .. 
Beginning of replacement of Phv!loa!adu. forest 
by podocarp forest. expansion of rimu forest 
in Westland and possibly extra-locally. 
Fir,,? 
Podocarp forest in the vicinity, Shallow water 
at, coring site but still deepening. 
Glacial silt deposition finished. 
pn~!lo~tQdu. forest on-site. 
Da~r.di"m bid~it'ii becoming prominent· probably 
round pond margin, inorganic siltation nearly 
fi:lished. 
Phu11oc!adw. begins to replace Copra.me an~ farn, 
water begins to deepen. 
ColonizatiOn of moraine, Capro.~a and fern replace 
'replaces gras. Co~'aria and Cyperaccaa, 
PhyllooladuB in the ViCinity, ~h .. llow water and 
sedge communities. 
Retreat of late Poulter ice from the aite. 
Pollen , Sedimentary £vid~r.cQ 
c. 50\ reduction in beech values. Pinus & Salir 
pollen. 
Dase of root-zone an~ high T,pha values. 
Rise in Graminea .. pollen. 
Macro-remains. 
Steep rise in flcthofa:u. i"sea ty;>e val"es to au, 
Podo~arp •• value$ drop to steady 10 •• 
Beginning of low constant values of N. N,nzi •• ii 
pollen. 
Silt band with following silt incr~m~nt in 
micro~ud decreasir.g to 400 crn, brief increase 
in scrub pollen values, begi~~ing of low valu~s 
of N.!. type pollen. 
82\ PcdccarpwB, beginning of contin~ous 
P. cccrvdioida. record. 
Be9inning of steep rise in Pcdce"I';>'" and fall in 
Ph,IlccZadu.,slisht rise in Dacr~di~m c,,-;>r.4a'.um 
values. 
2 black soil hori~ons and black plant fragments 
(not charcoal) with follOwing silt inc=e~ent in 
micrornud extending to 900 cm. 
Increasing low values of Podo~arpu., roots still 
present in sedim~nt, yellow micromud. 
End of silt component. 
90\ values Ph.!Ioclad.B. 
D. b':d~H Hi type peaking on nun9 Ph~no"tad". 
curve, silt increment decreasing. 
Pr.yILocladu4 values beginning to rise, Co?ro.~a 
& m~nolete falling, sedge band overlain by silt, 
yellow m1cromud increaSing. 
Copro.ma and monolete opore. values increase as 
Gramineae C"ria~ia and Cyperaceae fall, low value a 
of 7hyIZca1adu., rooes in sediment. 
>0.5 m blue-grey glacial clay/silt, bottom of hole. 
12.2 ARANUIAN FOREST DEVELOPMENT IN MONTANE CANTERBURY 
12.2.1 Grassland/Scrubland 
The montane areas of Canterbury in the early Aranuian 
would have been characterized by unstable scree, 
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moraine, and outwash deposits. Soils would generally have 
been immature to undeveloped on blocky moraines and coarse 
talus slopes where fine detritus was not able to accumulate. 
Conditions were probably cold and moist. These factors 
together with the grassland/scrubland pollen assemblage 
have prompted the sU9gestion (Moar, 1971) that this early 
Aranuian conununity was subalpine in character and similar 
to the present day subalpine and alpine vegetation (scrub, 
grassland, herbfield, and scree vegetation). 
The Coprosma scrub/grassland phase, the earliest 
Aranuian vegetation recorded in this study, was widespread 
if not universal throughout inland Canterbury, and as 
far as may be judged from the pollen data its basic 
composition was remarkably uniform (Table 12D) . This 
early grassland/scrubland community is particularly 
interesting as it forms the first beginnings of the develop-
ment of woody vegetation in the mountains. There is 
little information on its earlier history,throughout the 
late Otiran,and the ecology of simila4 existing communities 
is little known. This hampers our knowledge of this 
critical transition period in the succession from glacial 
sedge-rich grassland communities to interglacial forest. 
The following account is an attempt to gain more 
msightinto this early Aranuian vegetation phase. 
Table l2D. Scrub pollen-types of the early Aranuian 
grassland/scrubland phase of sites from 
central montane Canterbury (including 
Swampy Hill, Otago). 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Mueh Zenbeakia 
I Myrsine 
Leptos pe rWA.m 
Coriaria 
I Composi tae 
Chenopodiaceae 
I PZagian thus 
I Dmbe11iferae 
I Cyperaceae 
Mono1ete spore 
Trilete spore 
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Nothofagu8 fusaa type 
I Podoaarpus 
I PhylZoaZadus 
Daarydium aupressinum 
Daarydium bidwilZii type 
Weinmannia 
Metrosideros 
GriseZinia 
Pseudopanax 
eudowintera 
Liboaedrus 
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From a knowledge of the present-day subalpine and 
alpine f (scrub, sland, and fell-field species), and 
the degree of under-representation of some of the constit-
uent taxa in modern pollen rain, the probable composition 
of this vegetation may be described in more detail than has 
previously been ted. pollen s present are 
broad groups, often representing a va ty of taxa of 
different habit and habitat requirements. Many other ies 
will have been ent although not represented in pollen 
as lage. Many of the insect poll ted herbs and shrubs 
of mountain grassland, scree, and rocky bluff, are like to 
have n present. 
In the ssland, the snowgrasses Chionochloa macra, 
C. pallens, C. r·igida, C. flavescens, andC. rubra, with probab-
ly some smaller tussocks such as Festuca novae-zelan ae and 
Foa colensoi would probably have contributed to the Gramineae 
pollen type. Cyperaceae pollen was probab largely ived 
from species of Carex~ Schoenus~ Oreobolus and Scirpus that 
are common components of bog and flush in the Canterbury 
mountains today, Much of this pollen no doubt derived on-
site mire vegetation, nevertheless it is probable that members 
of the Cyperaceae were prominent and widespread components of 
the grassland and outwash plains, and uneven moraine surfaces. 
Cyperaceae pollen is present in all pollen diagrams covering the 
ea y Aranuian in Canterbury and is also characte stic of 
glacial pol floras (Moar pers.comm.). The Compositae pollen 
type includes plants of a wide variety of growth forms. Herb 
species of Compositae (insect pollina were probably 
common in grassland. Probab species were rosette 
rms such as Ce s~a spectabilis, common today in the 
Rakaia mountains, and the cushion and mat formers [e.g., 
C. sess liflora , various species of Raoul , e,g., 
R. subse cea and R. gran flora - grassland, R. e a 
(vegetable sheep - surfaces) R. tenuicauZis -
bed, Cotula e.g., C squali grassland and C. 
pyrethrifolia - screes and moraines]. Umbelliferae 
would have included various ies of Aciphylla and 
Anisotome most of whose species have an alpine or sub-
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al ne distribution. Other insect pollina alp herbs 
that are poorly represented the pollen rain were almost 
certain present, e.g., species of RanuncuZus> Wahlenbe 
hrasia~ Gentiana. 
Prostrate woody species common in present day high and 
low al tude grasslands, moraines, and fell-fields, and also 
scrub, were also probably present, e.g., Mu hlenbeckia 
axillarisi members of the Ericaceae (insect pollinated and 
unrepresented), e.g., Pernettya macrostigma and Gaultheria 
pressa; and various prostrate spec s of Hebe. Blechnum 
pennamarina, a common component'of moraine, scree, and 
grassland vegetation, probably contributed to the monolete 
spore record together with Polysti vestitum which is 
common on scrub margins. Pteridium esculentum may 
been the main contributor of trilete spores, The relation 
tween s and their spores in the modern pollen rain 
has not been lored in New Zealand. 
The scrub of this early grassland/scrub 
community would have included a var ty of 
ranging from creeping, mat-forming pI 
-bushes and large erect shrubs. 
ant spec s 
to divaricate 
152 
Much predominant Coprosma pollen is almost cer-
tainly derived from the small leaved divaricates, eg, C. parvi 
fZora, C. rugosa, C. pseudoeuneata, C. eiZiata, all common 
subalpine species. Myrsine pollen will sent Myrsine 
divarieata and probably also the prostrate M. nummuZaria rather 
than the forest species M. austraZis and M. saZieina. Muehlen-
beckia pollen probably derives more from the small leaved 
prostrate M. axilZaris, and climber M. eomplexa, than from the 
large leaved climber M. australis that is more common in montane 
forest than subalpine scrub. Some woody members of the 
Compositae probably contributed to the pollen sum. Species of 
Olearia (eg, O. iZieifolia, O. nummularifolia, O. mosehata), 
Celmisia (eg, C. eoriaeea), Cassinia (eg, C. vauvilZiersii, 
C. fuZvida), were all probably present. Unrepresented by pollen 
but almost certainly prominent would have been various species 
of Draeophyllum (entomophilous) Ceg, D. longifo lium~ D. uniflorum~ 
D. pronum) and so various species of Hebe Ceg, H. subalpina, 
H. salieifolial. Leptospermum pollen represents the tall scrub 
forms L. seoparium~ L. erieoides~ which do not occur in sub-
alpine scrub, but rather on well drained valley-floors (Burrows, 
pers. comm.). Coriaria pollen would have derived from the 
nitrogen fixing C. sarmentosa and perhaps also C. angustissima 
both present day components of subalpine scrub and grassland. 
The presence PZagianthus pollen and the absence of Hoheria 
pollen is surprising for PZagianthus betulinus, the lowland 
forest species (c.f. P. divariaatus coastal) is much less 
hardy than Hoheria gZabrata the montane member of the 
Malvaceae which is the more probable species to have 
been present. If Plagianthus betulinus was present 
scattered in low amounts in the foothills then it would be 
very unlikely that Hoheria glabrata or even H. lyalli or 
H. angus folia were not also present. 
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Small amounts of tree pollen are recorded from this phase 
In pol n diagrams both from the study sites and elsewhere in 
montane Canterbury. These pollen types are mainly forerunners 
of the later forest phases (Phyllocladus, Podocarpus, Notho-
fagus) and may have derived either from distant sources of 
extensive area (e.g., lowland Canterbury plains), or from closer 
refugia of limited size scattered along the frontal ranges of 
Canterbury. Contributions from both sources are likely. 
Phyllocladus alpinus was almost certainly sent as a compon-
ent of the early scrub. The occasional Dacrydium cupress~num 
pollen present almost cer nly represent the beginnings of 
the distant Westland rimu forests. 
Pollen of Metrosideros umbellata, Weimannia racemosa, and 
Libocedrus bidwillii (all under-represented trees) is excep-
tional in being present in this phase of the Windy Tarn and 
Quagmire Tarn diagrams from Prospect Hill, and also throughout 
the Lake Henrietta diagram from the Harper tributary of the 
Rakaia (Moar,1973a). The very limited distribution of their 
pollen indicates a local presence of these species, The quan-
tities of pollen presen~ although very small, are greater than 
the occasional grain that co d be expected to ive from 
Westland sources. There is an interesting possibility of limit 
ed stands of these species,similar perhaps to the present day 
Weinmannia/Metrosi ros/Libocedrus montane forests of Westland, 
existing about the e margins in the upper Rakaia catchment 
(if not elsewhere) in the very early Aranuian. This possibil-
ity is supported by the present day distribution of these 
species in Canterbury which although not common, have a 
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limited presence within Rakaia and Ashburton watersheds. 
[Metrosideros umbeZZata occurs at Mt. , and from Mt. 
Somers to Mt. Hutt along the frontal ranges and in 
headwaters the Rakaia (Mt. Medhurst and Jellicoe Stream) 
and Mathias vers, and is present in Moa and Kiwi 
tributaries of the Wilberforce together with Weinmannia 
racemosa. Metrosideros is also known from Lake Coleridge 
and the upper Hurunui r above Lake Sumner. Libocedrus 
is more widespread in Canterbury with a subalpine distribution], , 
It is difficult, however, to envisage tree survival in the 
environs of Prospect Hill during the t of the Heron 
ice advance part of the last major advance of Otira 
Glaciation the Rakaia for ice 1 then at Prospect 
Hill was about 1 250 m titude or higher (Burrows & Russell, 
1975) and treeline presumably was ssed below the 
present natural local altitude of 1 200 - 1 400 m (Molloy & 
Cox, 1972). Stands of trees would most probably have 
existed beyond Lake Heron ice in and about the Heron 
basin/as well as in sheltered sites further east near Mt. 
Somers. 
Of further st, is the possibility of a relation~ 
ship sting between these early Aranuian occurrences of 
Weinmannia and Metrosideros in Rakaia, and those in 
Westland, where the pre-podocarp shrubland phase comprised 
Weinmannia and Metrosideros. Dispersal of from 
west to east across the Main Divide was probably as possib 
then, as it is today, in the violent north-west storms 
that occur in the I but it is likely that this 
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community survived on both sides of the alps from forests 
of the last interglacial and that more favourable conditions 
in Westland allowed greater development there. More early 
Aranuian data from the foothills and plains in the Rakaia, 
Rangitata,and Hunters Hills areas,is needed to explore the 
possibility of a forest containing Weinmannia and Metrosideros 
surviving the late Otiran in scattered refugia in moist 
conditions in the eastern ranges of Canterbury. 
The grassland/scrubland phase is now recorded from the 
Upper Rakaia, Cass and Lake Sumner districts at both low 
and high altitudes (at c. 600 m - Quagmire Tarn, Windy Tarn, 
(Upper Rakaia); Kettlehole Bog, Mt. Horrible, (Cass); Raupo 
Pond (Lake Sumner) i and at c. 1 000 m - Mt. Somers; Woolshed 
Hill (Cass». The widespread nature of this early Aranuian 
vegetation of subalpine character suggests that elements of 
this scrub vegetation occurred scattered throughout all but 
the axial Canterbury mountains during the late Otiran. 
12.2.2 Scrubland 
Although the type of scrubland appears to have been 
similar throughout montane Canterbury, the pattern of the 
scrubland transition to podocarp forest varies. 
Dacrydium bidwillii was briefly dominant at various 
localities at Cass including the high altitude Woolshed 
Hill site (c. 1 000 m), and also in the upper Rakaia River 
at Prospect Hill. This brief dominance is explained by 
Wardle & Campbell (1976) as a function of frost tolerance. 
D. bidwiZZii was found to possess much greater frost 
tolerance the mountain ecotype of PhyZZocZadus 
aZpinus and also mountain beech. However, D. bidwiZZii 
formed only a minor component of PhyZZocZaduB shrubland at 
two montane sites - Raupo Pond and Mt. Somers. At Raupo 
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Pond, more data o.v"e needed to assess significance of the 
low D. bidwiZZii values coincident with, rather than 
preceding, PhyZZocZadus phase The absence of the 
characteristica brief phase of D. bidwiZZii dominance 
at Mt. Somers (and so at a similar site at Swampy III 
Dunedin (McIntyre & McKellar, 1970) ~ contra Woolshed Hill 
(Moar, 1971» and subsequent development during the 
forest phase until elimination by fire, was at least 
partly due to the poo 
s. 
drained nature of both these 
PhyZZocZadus (P. aZpinus) shrubland*was a prominent 
pre-podocarp st phase at Raupo Pond, Cass, and the 
Harper tributary the Raka River (Moar I 197 3a), but 
was only fly present as a pure phase at the Mt. 
Somers site. At Prospect Hill the pure PhyZZocZadus 
shrubland phase was not present. 
of Dacrydium bidwiZZii was by a 
forest. 
There the replacement 
yZZocladus/PodocarpuB 
The presence, duration, or absence, of the trans 
ional PhyZZocZadus shrubland phase appears to be governed 
by amount of lag in the establishment of Podocarpus forest. 
* see opposite 
157 
The continuance in the forest phase, of llocladus, 
appears to depend on the degree of replacement by podocarps, 
and more particularly, factors of s Drier and warmer 
sites would probably have supported a grassland/ 
Coprosma community, while Dacrydium bidwillii would 
probably have occupied the wettest sites in cold positions 
such as frost hollows and areas prone to atmospheric 
inversion effects. Where and when available podocarp 
spec s, expanding from 1 refug sites, would have 
invaded those warmer moist sites with e ished soils. 
Phyllocla would have remained on the younger immature 
soils (that would have been widespread at this time) as it 
does today (Wardle, 1969a). 
The ro of the yllocladus shrubland phase, although 
ba lly a simple tran ion to podocarp forest, was complex 
in deta ,and was determined by a complex of variab s 
including distance and position of glacial uges and 
pattern of variation in local climates. Phyllocladus 
alpinus, together with Dacrydium bidwillii, is seen to 
have been widespread through montane Canterbury, 
and though D. bidwillii (of limited pollen di sal range 
and an inhabiter of wet sites and therefore most pollen study 
sites) is not seen necessarily as having been as dominant 
and as extensive a plant cover as the pollen diagrams would 
suggest, Phyllocladus almost certainly was. p. alpinuB 
is thought to have been very widespread in late glacial 
times surviving the Otiran throughout the Canterbury 
foothills. 
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12,2.3 Forest 
The lacement of shrubland forest would 
have been ieved by expansion and rapid spread of forest:-
(a) from scattered late-glacial foothills refugia which 
would have expanded during the shrubland phase, and from 
furt sites which would have been established during the 
shrubland phase in favoured locali s; and 
(b) from the lowland plains forest, which would have been 
steadily expanding westwards towards the alps, during the 
shrubland phase in the mountains, from more extens lowland 
pI ns forest refugia (e.g., Timaru, Moar, 1973b). 
Podocarp forest replaced shrubland with varying degrees 
of success in ~ontane Canterbury. 
At Cass, most sites show that podocarp forest, dominated 
by Podocarpus spicatus (Moar, 1966b; ntott & Burrows, 1973), 
appears only to have partially replaced Phyllocladus shrubland. 
Podocarp forest probably was restricted to the warmer parts of 
valley floors and lower hillsides. Continuing dominance of 
Phyllocladus pollen at Woolshed Hill (c. 1 000 m) (Moar, 1971), 
shows that the upper forests remained Phyllocladus dominant. 
To the nOrth and south of the Cass basin Podocarpus 
forest dominated by P. spicatus completely replaced 
Phyllocladus shrubland at Raupo Pond and the Sisters Stream 
tributary of the Hurunui River and almost completely the 
Harper tributary of the Rakaia River (Moar, 1973a) and was 
dominant in both areas an extended period. In the upper 
Rakaia River at Prospect Hill, however, there was no period 
of pure Phyllocladus shrubland, and Dacrydium bidwillii 
scrubland was replaced by a mosaic of forest and shrubland. 
Judging from the pollen evidence Podocarpus (mainly P. hallii) 
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and Phyllocladu8 were generally co-dominant forest 
elements, but local variations in dominance occurred 
(e.g., Phylloc dus at Quagmire Tarn). The scrub present 
was a mixed Coprosma scrub with Dacrydium bidwillii 
present, a community almost certa 
early scrub/grassland phase. 
y surviving from the 
In the frontal ranges,only two sites show the change 
from shrubland to podocarp forest. At the high altitude 
Mt. Somers site podocarp forest is thought to have replaced 
most of the hillslope Phyllocladus except for an upper 
Phyllocladus dominant zone. At a low altitude upper plains 
site (c. 450 m) at Rubicon Creek (Kowai catchment, near 
Waimakariri Gorge; Moar, unpub,) podocarp forest completely 
replaced Phyllocladus shrubland Dominant Podocarpus 
pollen in the Blondin Stream diagram shows that podocarp 
forest had replaced shrubland at low altitudes in the Mt. 
Somers district as well, 
The forests of the fron s foothills 
and were probably similar to the modified 
remnant rests surviving at Mt, Peel today, Pollen evidence 
from Blondin Stream, Mt. Somers, and Rubicon Creek (Moar, 
unpub.), shows that the upper pIa s forest was Podocarpus 
dominant (P. spicatus with minor p. totara/P. hallii) with 
some Phyllocladus. Podocarpus dacry ides would have been 
dominant in wetter places and mixed Coprosma scrub in drier 
places, with Leptospermum becoming a more prominent component 
towards the end the forest phase at Blondin Stream (if not 
elsewhere) ~ an extension rhaps of the mid-plains Podocarpus/ 
Leptospermum mosaic vegetation (Cox & Mead, 1963). Hill 
forest was probably podocarp on the lower slopes (P. spicatus~ 
P. hallii) th Phylloala s becoming dominant on the 
upper slopes towards treeline. The role played by 
Metrosideros and Weinmannia these rests is not clear 
from the pollen evidence. These trees are likely to 
have formed a significant proportion of hill~country 
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forest. The absence of Weinmannia and Metrosi ros pollen 
from the Mt. Somers pollen diagram may not be taken as 
an indication of the non-importance of this forest type 
in the area: Weinmannia and Metrosideros montane forest 
above podocarp forest in Westland has been shown by 
Moar (1970b) to be severely under-represented In sub-
alpine modern pollen samples. 
In the reconstruction of the general mountain 
podocarp forests of Canterbury the following points are 
of interest. 
The occurrence of Weinmannia pollen at frequencies 
as high as those in the Blondin Stream diagram (7%) 
is not seen in other Canterbury diagrams. In those 
agrams Weinmannia pollen is often present in trace 
amounts (e.g., Windy Tarn,Blondin Stream, Lake Henrietta, 
Woolshed Hill, Lake Hawdon,Mt. Horr le, Raupo Pond) or 
is otherwise absent. 
Weinmannia paaemosa, the spec s represented is an 
important and widespread forest component of montane and 
lowland forests in Westland but is rare east of the Main 
Divide. It is present in coastal Southland and a few 
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trees occur near Mt. Grey, North Canterbury (Wardle & 
McCrae, 1966) A little Weinmannia together with 
Metrosideros is present in the headwaters the Wilberforce, 
Mathias, and Burunui r rs (Burrows, 1969b) close to the 
Weinmannia/Metrosi ros montane forests of Westland just 
over the Main Divide. Weinmannia is also likely to have 
occurred on the frontal ranges between the Rangitata and 
Raka rivers, where, although unrecorded todaYr close 
field associates occur (e.g. r Metrosideros umbeZZata, 
Libocedrus bidwiZZii, MeZicytus ZanceoZatus) (C.J. Burrows t 
pers. cornm.). 
The known autecology W. racemosa suggests that it 
requires highrreliable precipitation. Its distribution 
limits appear today to follow the 150 cm isohyet and Elder 
reports in Wardle (1966) that it has "exceptionally limited 
resistance to prolonged drought" under garden conditions. 
Of further interest from a palynological viewpoint is that 
W. racemosa is insect and bird pollinated ( I bellbird) and 
Moar (1970b) has found the tree to be under-represented in 
the modern pollen rain, as noted low: 
Forest 
Weinmannia 
Me trosi ros 
Dacrydium 
cupressinum 
r';einmannia Weinmannia 
Tree Pollen 
dominant 
cornmon 
most cornmon subcanopy 
tree 
40% 
12% 
2% 
The trace presence of Weinmannia pollen in the podocarp 
forest phase of many diagrams from montane Canterbury, and 
limited pollen spersal range/suggests that W. racemosa 
was a widespread component of the podocarp forest of 
montane Canterbury. Weinmannia does not appear to have 
been a prominent component of the Aranuian lowland 
podocarp forests of the Canterbury plains. Sub-fossil 
records do not include Weinmannia (Molloy et al, 1963; 
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Cox & Mead, 1963; Raeside, 1948; Maar, 1971) and although 
this may be a function of wood durability, none of the 
pollen sites on the plains (Timaru, Christchurch, Amberley, 
Pyramid Val Maar, 1971 include Weinmannia pollen, 
The Blondin Stream data (if not a result of chance over-
representation),suggests a former abundance of Weinmannia 
in lowland areas in Mt. Somers district. This may mean 
that Weinmannia (and associated spec s) was common in 
the forests of the upper plains of central Canterbury 
and that the Weinmannia component in the Canterbury 
montane forests was of eastern origin. 
Plagianthus pollen (of P, betulinus the forest tree) 
is rare in Aranuian diagrams from the South Island. 
Significant values to date only occur in four diagrams 
Windy Tarn, Blondin Stream (this study); Timaru Downs, 
lowland South Canterbury (Maar, 1971); and Swampy Hill, 
Otago, (McIntyre & McKellar, 1970) Plagianthus pollen is 
also important in a agram from Timaru most probably spanning 
the last interglacial and part of the following otira glacial 
(Goh et al., 1978; Maar, 1973b),where its. ternating abundance 
with Po us may record colder conditions, 
The present day occurrence of Plagianthus in Canterbury 
is limited to a scattered distribution about the 300 m 
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contour in the foothills at Hunters Hills, Mt. Peel, Mt. Somers l 
Mt. Hutt, Kowhai Bush, Mt. Oxford/and Mt. Grey. It also 
occurs in the Mathias hea s,at Banks Pen sula, 
Christchurch (Deans Bush), and coastal locations north 
of the Waiau River (Burrows, 1969b). At Mt. Peel, Allan 
(1926) describes patches of 15 m high adult trees as being 
probably "a remnant of a ive sub-assoc tion H , 
Knowledge of the ecology of P. betulinus is limited. 
P. betulinus appears to be drought resistant and to be 
tolerant of cold (C.J. Burrows, pers.comm,) 
areas in Westland it occurs as a forest marg 
in mountain 
component 
on cold valley flats (e.g., Otira and Maruia valleys) 
and may occur toge r with Olearia ilici lia and 
Libocedrus bidwillii. It is less hardy than Hoheria 
(H. glabrata,mounta ribbonwood) and te a long pollen 
record at Windy Tarn is virtually absent from the forest 
remnants of the upper Rakaia where, ins 
common. 
,H. glabrata is 
The general evidence susgests that Plagianthus betulinus 
was a common component of the podocarp forests of the 
Canterbury pI s and foothill but not (with the exception 
of the upper a Valley and probably also the Heron 
basin) of the montane forests. 
The low s of Podocarpus crydioides pol that 
are generally restricted to the podocarp phase in all diagrams 
from montane Canterbury represent local occurrences. 
The distribution of P. dacrydio s in Canterbury 
today is limited to scattered occurrences along 300 m 
contourl Banks Peninsula, and the Seaward Kaikoura Range 
(Burrows, 1969b). The pollen evidence shows that 
P. dacrydioides was a widespread component of the val 
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bottom forests of montane Canterbury throughout the podocarp 
forest phase, and that it occurred at least as far up~val 
as the 600 m contour. 
Dacrydium cupressinum pollen, another 
ubiquitous pollen type in Aranuian Canterbury diagrams, 
is generally considered to have rived from the Westland 
D. cupressinum forests as D. cupressinum is rare in 
Canterbury (Franklin, 1968). The higher than usual 
frequencies of D. cupressinum pollen at Raupo Pond suggest, 
in conjunction with the present very limited distribution of 
D. cupressinum in Canterbury (around the 300 m contour at 
Oxford, Mt. Grey, north of the Waiau River in the Seaward 
Kaikoura Range (Burrows, pers.comm.)) I that D, cupressinum 
may have been extensive in the mid-Aranuian forests 
North Canterbury, 
Pollen of Ascarina (the small tree Ascarina Zucida) 
is another palynomorph that is widely dispersed beyond 
its present range which for the South Island is coastal 
Wes and (McGlone & Moar, 1977) The Ascarina pollen 
in diagrams from Prospect Hill, Harper River, Cass, and 
Lake Sumner districts is most likely derived from Westland. 
Ascarina Zucida was abundant in the west of the North 
and South Islands between c. 10 000 and 5 000 yr B.P. 
but since then it has been severely and progressively 
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reduced in quantity (McGlone & Moar, 1977). The decrease 
in Ascarina pollen frequencies at Quagmire Tarn accords with 
these findings but the increased frequencies of Ascarina 
pollen in the latter part of the Raupo Pond diagram does not. 
The few Casuarina pollen grains ident ied in the 
Prospect Hill diagrams are of more d tant origin than any of 
the arboreal pollen types so far discussed, and are considered 
to have derived from the Australian region (Moar, 1969, 1970b). 
A r h understorey of broadleaved, evergreen angiosperm 
elements would have been common to podocarp forests of most 
areas. Minor records of these pollen types (GriseZinia, 
Pseudopanax, Pseudowintera, etc~) are nerally restricted 
to the podocarp forest phase in most diagrams (e.g., 
Quagmire Tarn, Fig. 6.1). 
The proportion of scrub present during the podocarp 
rest phase in the areas under discussion appears to have 
been greatest in the upper Rakaia where conditions 
presumably remained relatively harsh. Subalpine scrub of 
the same general composition was present above the forest 
at Mt. Somers and its presence was probably rly universal 
In the mountains east of the Divide. 
From the lIen evidence the broad nature of 
st is seen to be Podocarpus icatus dominant 
~------~--------
with lesser amounts of P. haZZii, p. totara, P. dacrydioides, 
and P. rrugineus; with the dominance chang to P. haZZii 
in upper Rakaia and upper Ashburton catchments. It 
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must be noted that this picture derived from data from 
valley bottom sites and probably relates more to valley 
bottom forest than to montane forest. 
P. hallii would have attained dominance the montane 
forests. Sub- ssil P. hallii logs and charcoal are 
present throughout montane Canterbury (Molloy, 1969a) 
P. hallii today has a scattered distribution 
throughout the montane beech forests of Canterbury. 
The amount of the lloeladus st and mixed 
Coprosma scrub communities persisting from e ier phases 
va ed locally but generally appeared to increase southward 
from the Lake Sumner region to the upper Rakaia. Phylloeladus 
was 0 rwise prominent in the upper montane forests 
As far as is indicated by the limited high 
altitude pollen data (Woolshed Hill, Mt. Somers, Swampy Hill) , 
Coprosma scrub/grassland persis above tree line. 
As discussed earlier (12.2.l) this should not necessarily 
imply uniform composition. Present subalpine scrub 
composition esthroughout montane Canterbury (e.g., 
Wardle, 1969a). A high proportion of taxa of these 
communities are insect pollinated and may not be represented 
(e.g., Draeophyllum) thus wide variations in composition 
may occu~ unrepresented by changes the pollen data. 
Occasional small stands 
()+t~e 
LVothofagus sea 
were almost certainly present in the Cass district 
(Moar, 1971; Lintott & Burrows, 1973) and were probably 
present in the eastern ranges foothills of Canterbury 
The forest 
forest occurred at Lake 
Sumner, Cass, and the , but replacement is not 
demonstrated in the pollen diagrams from Prospect 11 or 
Mt Somers districts, Podocarpus - Nothofagus 
transition is a topic t involves consideration of many 
tors and is dealt with a later section (12.5). 
sts that Nothofagus ca type Pollen evidence 
forest was never wide at Prospect Hill, was not 
present on-site at B Stream within the 
covered by the diagram (and probably not at all judging 
from the Gramineae curve), and was not apparent on-site 
at Mt. Somers. However, the existing beech remnants 
show beech forest to have been present in Lake Stream 
valley; and the present extent and maturity of the beech 
forest at Mt. Somers, and the early European records 
showing beech st to extend some kilometres out onto 
the plains in the inity of Mt. Somers (Vance, 1976), 
is at variance with the pollen evidence. 
Silver beech was locally dominant at Prospect Hill 
but was 
Cass distr 
y not present in Harper River and 
In the Lake Sumner district, silver beech 
was a more forest component near the Main Divide 
at Springs Bog than further east at Raupo Pond as is 
case today. In contrast to the Lake Sumner district, 
at Mt. Somers Iver beech never to have been 
a dominant component of the beech rest,although its 
pollen extends back n y as far as that of 
N. fusca 
The final event in the 
in was the rela ly sudden fire 
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induced decline of forest and development of grassland, 
which has resulted in the present distribution of forest 
and grassland (e.g., Moar, 1971; Molloy et aZ. 1963; 
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Molloy, 1977). Thus the pollen diagrams from grassland 
sites (e.g., Lake Hawdon, Kettlehole Bog at Cass (Moar, 
1971; Lintott & Burrows, 1973); Raupo Pond at Lake Sumner; 
and the Prospect Hill and Blondin Stream sites) all display 
a rise in pollen of grassland species generally at the 
expense of woody species, whereas the sites within or just 
above forest do not (e.g., Springs Bogj Woolshed Hill (Moar, 
1971)) • The role of fire in causing the decline of forest 
in the study areas is examined in a later section (12.7). 
The Aranuian development of forest in montane 
Canterbury is summarized in Table l2E. 
Table 12E Patterns of Aranuian vegetation 
history, central montane canterbury. 
Note: - boundaries of vegetation phases 
are not correlated in time 
except where indicated by dates. 
'date
' 
= radiocarbon date 
'date?' = interpolated date 
'date??' = inferred date 
- all dates are in yr B.P. (radio-
carbon dates are from untreated 
material) . 
5 
4 
3 
1 
FIRE 
EPISODES 
Et.:.r('?~an 
c.12G 
?:-c-
PROSPECT HILL 
c. 6 000 
ct:uius aipinus 
MOUNT SOHERS 
lULL 
over 
in 
mixed scrub 
Fire c. 6 OOO?? 
Podocarp 
:nontane 
forest 
FhyUodadu.1 
upper montane 
forest. 
PLAINS 
o. 550 rn 
D!;;clining 
rront.:::ne 
pooocarp 
forest 
NO 
DATA 
CASS BASIN 
(Moar, 1971) 
BASIN I HILL 
FLOOR 
o. 600 m 
Fire 
:~(lunt<1in 
beech 
rr.ontanc 
forest: 
c. 6-7 OOO? 
Nont,J.:1C 
podocarp 
forest 
c. 1 000 :n 
;·lount:ain 
beach 
mo::t::mc 
forest 
':"imitcd pre-Aranuian evidence in montane Canterbury indicates that late-Otiran 
IRUBICON I (Hoar, CREEK 1973b) 
0.450 rn 
sparse open grassland/herbfield, sedge prominent, scrub rare to absent, no forest. 
RAUPO PO!;D 
c. 580 ::I 
gras::::"':":1,,:L ::::r.c 
T~Cl:::~iC'::'l of 
fCr'23t 
?ire 
oel)C!1 :c:n~.st 
:;:r0::-a1:;ly 
r."iO"'l."",trr~n 
ar.:! red b~~ch 
\,;ith sil~ ... ~r 
c. 5 500? 
p::J~~,?ca:!:"p 
fc'!:"~st 
Alpi nc grD5s1a!"!c/ 
8'J!:;::;1!Jine 
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12.3 THE ARANUIAN CLIMATE HISTORY OF MONTANE CANTERBURY 
12.3.1 Introduction 
A stable altitudinal sequence of vegetation encompassing 
the maln communities represented in pollen diagrams, may 
be taken as representing a sequence determined by decreasing 
warmth with increase in altitude, and may be as a basis 
of interpretation of pollen evidence, on uniformitarian prin-
ciples. A generali downwards altitudinal vegetation 
sequence in the Southern Alps is from alpine fell-f ld/herb-
f ld to alpine grassland, to a generally well-de ned scrub 
belt in which s ies of Coprosma,and yZZocZadus alpinus 
are often prominent components, to beech forest (where present) 
to finally podocarp forest. 
In post-glacial pollen sequences from montane Canterbury, 
the above sequence is broadly followed (i.e., grassland-
scrl1bland-forest), but there are three major anomalies:- the 
reversed positions of Notho us fusca type and Po carpus in 
the pollen sequence compared with the altitudinal vegetation 
sequence; the absence of Dacrydium bidwiZZii from the modern 
al tudinal vegetation sequence in contrast to the post-
ac 1 pollen sequence; and the absence of the modern equi 
valent of the distinctive and widespread Aranuian grassland/ 
Coprosma dominant scrub phase in the present-day subalpine 
zone. The implications of the first two anomalies noted 
become dent in the body of this discussion of climate 
history, with regard to the third anomaly, the apparent 
dominance of Coprosma in the early Aranuian scrub is likely to 
be an artefact arising from gross over-representation of 
Coprosma species (wind pollinated) in the pollen assemblage, 
combined with severe under-representation of other important 
components, many of which in existing subalpine scrub are 
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insect pollinated (e.g., Dracophyllum~ Olearia J Reb ~ Sene io). 
However, the early Aranuian pollen assemblages do not show 
yllocladus alpinus to be a prominent scrub component in the 
grassland/scrub phase, as it is today ln the suba ne scrub 
of Canterbury. Th is probably due to a combination of too 
cold a climate and too limited a survival of Phyllocla ln 
the Canterbury mountains during the otiran. 
Inferences of climate made from pollen data are hampered 
by two n factors:-
i) the broadness of most of pollen groupings which 
usually include taxa of diverse ecologies and habit, 
the broad ecological amplitude of the major taxa 
involved. 
Thus Coprosma~ Nothofagus fusca type, Podocarpus, and Com-
positae pollen groups all include s cies which together 
encompass a broad spectrum of environmental parameters, and 
which singly (e.g., Notho us solandri var. cliffortioides., 
carpus hallii) may be possessed of just as wide an 
ecological range as the combi ranges of all the Cles in 
the pollen group to which they belong. 
Fu r difficul s are imposed by a pauci of tailed 
knowledge of the autecology of many species and their syneco-
logi requirements under compe tion with other members of 
the various communities of which are part. Edaphic factors 
have been considered. Good indicator are 
generally rare in number, thei.r ecologies as inadequately 
studied, their pollen inadequately represented, and their 
community status minor. The limited knowledge of how important 
reactions such as the competitive ability of communities (and 
hence migration of same) are governed by environmental condi-
tions" restricts interpretation of such changes that have 
occurred in the past~ Further indications of climate may be 
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erosional and depositional features (e.g., glacial moraines, 
palaeosols, and anc nt lake strandlines). 
Consequent upon these various impediments are the very 
loose and subjective terms of reference used with re ct to 
climate interpretations. Climatic interpretations are re~ 
la and are limited basically to such terms as harsh, cold, 
cool, warm; and dry, moist, and wet, 
Moar (1971, 1973b) has reviewed the development of the 
reconstruction of Aranuian climate for the South Island from 
available pollen data. 
The early Aranuian scrubland/grassland period is generally 
accepted ,as being subalpine in character, indicative of cool, 
moist conditions (e.g., Moar, 1971; Lintott & Burrows, 1973). 
The late Aranuian elimination of forest at least in Canterbury 
is accepted as ing largely due to fire (e.g., Moar, 1971; 
Molloy, 1977). Climatic interpretation I from the Aranuian 
development of forest vegetation : scrubland-podocarp-beech, 
however, is not unifi 
Present views are:-
, due to a complex of factors involved. 
- that sequence of forest types is a response to a sus-
tained rise in temperature which began with the final retreat 
of Otiran about 14 000 yrs ago (Walker, 1966; Moar,1966a, 197 
- that the late Otiran, sedge-dominant, grassland pollen assem~ 
blages from montane Canterbury (e.g., Harris in Suggage, 1965; 
Moar,1973b; Russell unpub.) suggest cold, bleak conditions at 
times of -the last Otiran glacial maximum (e.g., Moar, 1973b) 
- that the early Aranuian graSSland/scrubland vegetation was 
subalpine in character and indicates cool, moist conditions 
(Moar,197l); cold conditions (Lintott & Burrows, 1973) 
- that the early, pos lacial Dacrydium bidwiZZii phase 
was characte zed not only by low mean temperatures 
but also by very low minimum temperatures, and that the 
transition from D. bidwillii to Phyllocladus implies a 
decrease in frost intensity and frequency (Wardle & 
Campbell, 1976) 
- that the development of podocarp forest at about 10 000 
yr B.P. may be attributed to a general warming occurring 
at about this time (Moar, 1966a;Walker, 1966: Lintott & 
Burrows, 1973) 
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that conditions for podocarp forest involved more 
uniformly wet and milder climate than now exists in the 
areas of former abundance (e.g., Cranwell & von Post, 1936) 
- that no major climatic change occurred during the forest 
period but that a drift towards ss equable conditions 
occurred which may have initiated, but did not rectly 
control, the replacement of podocarp 
areas (Moar, 1971) 
rest in critical 
- that the replacement of Podocarpus by Nothofagus 
represents a fundamental environmen change and cannot 
be accounted for by migration lag from a distant source 
area (Lintott & Burrows, 1973) 
- that ilthe change from podocarp to Nothofagus must imply 
a response to climate change during the forest period, 
although the threshold may have been crossed different 
ions at different times" (Moar & Lintott, 1977) 
- that the incidence of frost and drought increased over 
about the last 5 000 years causing the decline in 
abundance of Ascarina lucida in the west of both North 
and South Islands (McGlone & Moar, 1977) 
- that climates are s 11 fluctuating and that complete 
equilibrium between vegetation and climate is not yet 
achieved (and indeed will probably never be) (HollowaYI 
1954; Wardle, 1973; Burrows & Greenland, 1979). 
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12.3.2 Climate duri the Grassl rubland se. 
The early grassland/shrubland was subalpine in 
character and appears to have been common to both high and 
low altitudes (e.g., Mt. Somers, Quagmire Tarn) although 
the composition may have varied within the broad pollen 
groupings. 
The prominent Cyperaceae and fern pollen and spore 
frequencies are not reliable indicators of moistness of 
climate. These taxa almost certain formed an important 
on-site component at mire and tarn sites throughout the 
Aranuian. Most of the pollen ther re was probably 
derived from these on-site communities as it is today in 
modern pollen samples. However, in view of the Cyperaceae 
dominant pollen floras characteristic of the late Otiran 
in the -Southern Alps (e.g., Handisides Stream, Waiau 
Valley; Station Creek l Buller ValleYi Reid Stream, Springs 
Junctionj(Harris in Suggate, 1965) i Rubicon Creek, 
Waimakariri foothills; (Moar, 1973b)) I Cyperaceae, in 
the absence of forest vegetation was probably widespread 
in the scrub/grassland in sites of impeded drainage 
and may, at least, indicate the absence of summer drought. 
The prominence of mixed Coprosma scrub shows that 
conditions were milder than those in the late Otiran 
when woody vegetation was apparently rare. 
Although the data are limited, and the Coprosma 
pollen group a diverse one, it appears that the ratio 
of Myrsine to Coprosma in the mixed scrub 1S related to 
wetness of climate. Diagrams from sites in areas of 
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high precipitation show Myrsine/Coprosma p61len percentage 
ratios of 1:1 (Nan's Kettle, Maria's Mire, N. Westland; 
Moar, 1971) or higher (2.5:1 Gillespies Beach Road, 
S. Westland; Moar, 1973a; 2:1 Enderby Island, Auckland 
Island, Fleming et al 1976) . Ratio values in Canterbury 
diagrams vary between 1:2 (Windy Tarn; Pyramid Valley, 
Moar, 1970a) to virtually no Myrsine pollen present 
(Kettlehole Bog, Lintott & Burrows, 1973; Quagmire Tarn; 
Raupo Pond), indicating drier conditions. It is not 
at present possible to speculate beyond this gross 
distinction. 
The evidence from the Rakaia catchment and Mt. Somers 
suggesting the presence of limited stands of Metrosideros/ 
Weinmannia/Libocedrus forest near the ice margins, suggests 
that local climate may have already been approaching 
montane zone conditions at this time within the 
Canterbury mountains (c.f., proposed foothills refugia 
locations further east) . 
Conditions during the early grassland/scrubland 
phase in montane Canterbury were probably largely moist 
(but not wet,as Myrsine is not prominent) and cool to cold 
(milder than the late Otiran/early Aranuian when woody 
vegetation was scarce) . 
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12.3.3 Climate dur the Scrubland se 
The significance of the brief phase of Dacrydium 
bidwiZZii type pollen dominance in the Gramineae/Coprosma -
D. bidwiZZii - ZZocZadus - Podoca us Nothofagus-
Gramineae sequence, present in almost all Aranuian pollen 
diagrams from montane Canterbury, has long been difficult 
to .Sl$SeSS r it is not usually a component of a present 
day altitudinal sequence. Wardle & Campbell (1976) have 
investigated the ecology of D. bi ZZii and found that it 
is much more frost-hardy than the alpine ecotype 
PhyZZocZadus aZpinus l and that its general absence from the 
alpine timberline is related to the scarcity at high 
titudes of the overmaturerPoorly drained soils upon which 
it is compe tive. They suggest that persistent ice and 
snow fields allowed deep atmospheric inversion effects l 
causing severe frost conditions to persist in intermontane 
basins where D. bidwiZlii may have formed extensive 
communit s on overmature soils beyond the ice limits. 
Examples of the divaricate Coprosma spec s most likely 
to have been present in the earlier scrub/grassland phase 
were not included in the frosthardiness tests but presumably, 
(being the earl t woody Aranuian vegetation) the spe s 
then present were hardier than either D. bidwillii or 
PhylZocZadus. On this assumption then, D. bidwiZZii fits 
into the sequence Coprosma scrub/grassland - D. bi lZii-
PhylZocladus and indicates a decreasing intensi of frosts 
and a progressive warming. 
The pollen diagrams from Prospect H 1 show that the 
brief period when conditions were favourab to D. bidwillii 
development d not occur the~e until about 10 000 yr 
B.P. shortly after the Lake Stream ice advance l more than 
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2 000 retreat of from Prospect Hill of the 
major advance of the Rakaia glacier which left Lake Heron 
moraines on Prospect Hill. O-cher evidence that conditions were 
ameliorating at about this time is provided by the decrease in 
extent of in the Rakaia Valley. The Lake Stream glacial 
advance which occurred between about 11 500 and 10 000 years ago 
(Burrows and Russell, 1975) was less than half the length of the 
present Lake Heron/Acheron 3 advance, though more than twice as 
long as the glac later advances in Aranuian time near the 
head of the Rakaia Valley (Burrows and Russell, 1975). Similar 
advances occurred elsewhere in the Southern Alps (McGregor, 
1967; Burrows, 1973; Wardle, 1973). The climate fluctuations 
causing these (and later) advances were apparently of insuffi-
cient magnitude to affect the pollen curves. 
In the Lake Sumner district at Raupo Pond, the low D. 
bidwillii values coincident with (rather than preceding the 
PhyZlocladus phase, are probably a result of conditions having 
been milder at this site than those that prevailed near the Main 
Divide and closer to the centre of glaciation in the Cass and 
Lake Heron/upper Rakaia districts. 
The widespread transition in Canterbury from Dacrydium 
bidwillii to PhyZZocZadus scrub/forest, or codominance in Podo-
carpu~ haZZii/PhylZocZadus forest in the Rakaia, is taken as 
evidence of conditions continuing to ameliorate. Temperatures 
were still cool with probably lighter and fewer frosts. It is 
fficult to judge wetness of climate during these pre-forest 
phases; evapotranspiration stresses would have been low in the 
still cool environment. Conditions were perhaps wetter than 
before with climate probably being similar to that 
experienced by the subalpine zone of the 
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wetter mountains east Main Divide in the South Island, 
. (eg, upper Rakaia subalpine zone, annual average rainfall >2 m) 
where PhyZZocZadus aZpinus vegetation today attains its greatest 
prominence (but note Phy Z Zoc Zadus aZpinus and Dacrydium bidwi Z Zi 
in low rainfall areas in Central Otago (Bliss and Mark, 1974). 
12.3.4 Climate the Forest 
Assessment of imate conditions during the forest period 
is complicated by considerations of the different rates of 
migration of Nothofagus and Podocarpus species (Preest, 1963); 
their differing (but often overlapping) inter- and intra-generic 
ecological requirements (eg, Wardle, 1970) i their varying (and 
as yet little known) inter-competitive abilities under 
different climate regimes (eg, Wardle, 1970) i and their 
probable differences in source location and size in the late 
Otiran. Evidence from available diagrams suggest that climate 
varied temporally and spatially throughout montane Canterbury 
during the forest phase. 
Conditions in the Canterbury mountains in the earlier part 
of the forest period may have been generally similar to those 
now prevailing in central lowland Westland or Stewart I 
where podocarp forest is extensi.ve today. Mean temperatures in 
montane Canterbury may not have been much different from 
present day values, but extremes, of low temperature 
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especially, were probably less. 
There are several indications that cl te changed 
during the forest phase. 
The significance of the incoming of beech pollen must 
be assessed with caution. The usual assumption is that 
dominant beech pollen a di am i cates a drier 
cl te with lowe less reliable rainfall, and cooler 
conditions (with perhaps more frosts), than that required 
by podocarp forest. This is based on general field 
evidence and knowledge of the ecological tolerances 
of the communities involved: the extensive beech rests 
of Marlborough, Canterbury, and inland Otago occur 
comparatively low nfal montane areas. Studies of the 
relations of beech and podocarp communities in Fiordland 
forests especially, have shown beech (particularly mountain 
beech) to possess "a wider range of tolerance r conditions 
of low rainfall, high altitude, low soil fertility, and poor 
soil drainage than most other New Zealand tree spec s" 
(Wardle, 1970, p.528). But that "as soils improve and the 
climate becomes more conducive to forest growth, moun n 
beech comes progressively less important stand 
composition" and "fails to compete successful with the 
broadleaved hardwood spec S, the podocarp spec and 
even the other beech species" (Ward I 1974, p.21). However 
due to the uncer nties in the interpretation of h 
migration (Section 12.5) the transition from podocarp to 
beech len dominance in a diagram does not necessarily 
indicate a contemporaneous change to the above climate 
conditions uring beech. Such conditions may have 
e sted in places for some prior to the incoming of 
beech. 
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As far as present pollen evidence and the availability 
and accuracy of radiocarbon dates allow, the spread of 
beech occurred in the following locations in montane 
Canterbury at about 6 000 years B.P" (see Fig, 12.1) 
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the intermontane Lake Sumner district; the intermontane 
Cass district; the upper Waimakariri catchment near the 
Main Divide at Be River; and in the eastern Waimakariri 
foothills at Rubicon Creek. Elsewhere in eastern South 
Island beech spread at about 5 - 6 000 years ago at Pyramid 
Valley, lowland North Canterbury (Moar, 1970a) i and at 
Swampy Hill, Dunedin, coastal Otago, Daarydium aupressinum 
began to spread in the podocarp forests there very close 
to 6 000 years ago (shortly before 5 870 ± 90 yr B.P. 
NZ770; McIntyre & McKellar, 1970) and was accompanied by 
an expansion of minor elements of silver and mountain beech, 
The spread of beech forest at Mt. Somers half-way through 
zone MS3 is 1 ly to have occurred at a similar t In 
the upper Rakaia, conditions cannot have been sufficiently 
improved for beech spread to have occurred. Neverthe s 
the beginning of a sustained decline in podocarp forest 
there (Q.T.) and the assumption of signi ant beech pollen 
values (Q.T. and W.T.) is likely to have occurred at around 
6 000 years ago. 
It would appear from these dates from montane, inter~ 
montane, foothills, plains, and coastal locations that a 
significant change in regional climate occurred about 6 000 
years ago. Other pol data do not disagree (e.g., 
Pseudowintera~ Asaarina, see following) . The e cts of 
the change are likely to have varied throughout eastern 
South Island, but in montane Canterbury the change is 
likely to have resulted in a change from mild,equable 
conditions with higher rainfall than at present, to less 
equable and probably cooler conditionsvwith less fall, 
similar to the sting climate. 
There is little indication from the dominant pollen 
profiles of the podocarp forest phase that significant 
changes in climate occurred between about 6 000 and 10 000 
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yr B.P. Podocarpus and Phyllocladus pollen profiles do not 
exhibit any marked changes that are consistently evident in 
pollen agrams from central montane Canterbury, The 
changes that do occur are not major and may be accounted 
for by d ferences in site. 
The Blondin Stream diagram, from a much drier area 
than the upper Rakaia , may be valuable in indicating 
increasing dryness towards the end of the podocarp forest 
phase. Weinmannia frequenc s cease before the long decline 
in Podocarpus begins and the mid-zonal drop In Plagian us 
values occurs. Increases in Gramineae and L tospermum 
begin at about the same time, and the accompanying develop~ 
ment of dense roots in the sediments demonstrates a lowering 
of water level. 
The former presenceof forest conta ing Podocarpus 
spicatus 3 P. ferrugineus and P. dacrydioi Sf far upvalley 
in the Canterbury mountains where conditions are now 
generally adverse to their survival, indicates that 
conditions were more equab earlier in the forest phase. 
McGlone & Moar (1977) have attributed the post-5 000 
yr B p. decline of AscaY'ina in the wes-t coast of both North 
and South Islands to increasing frequencies of drought 
and frost. The general absence of Ascarina pol in 
the latter part of the Quagmire Tarn forest phase supports 
McGlone & Moar's data, but the initial absence and later 
presence of Asaarina pollen in the forest phase at Raupo 
Pond does not. 
Pseudowintera pollen, where present, is without 
exception more frequent early in the forest phase and 
less frequent or absent in the later part of the forest 
phase of diagrams from montane Canterbury. Pseudo-
wintera pollen shows a progressive decline through the 
rest phase of Quagmire Tarn; is absent from the latter 
half of the forest phase of Windy Tarn and Kettlehole 
Bog; is more frequent in the earl r half of the forest 
phase of Lake Henrietta and Mt. Hor Ie diagramsi and 
although sparse, is more frequent in the earlier part of 
the forest phase of the Woolshed Hill and Lake Hawdon 
diagrams. This is seen as further evidence of a climate 
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becoming drier and perhaps cooler, Pseu intera aolorata 
today is a common component of Westland rain forest and is 
not common in montane Canterbury. It is present at Mt. 
Algidus j and upper Rangitata, and is scattered along 
the foothills, but is rare in inland basins in Canterbury. 
(C.J. Burrows, pers.comm,), and is regarded as an indicator 
of mild moist climate (Lintott & Burrows, 73) . 
At Raupo Pond, the very low silver beech representation 
may show that the present limits of beech in the 
montane forests of the Hurunui catchment (primarily controlled 
by the eastward fall-off in precipitation) have never in the 
past extended eastward to Raupo Pond. This would suggest 
that conditions have not been much wetter than today in 
the Lake Sumner district during the beech forest phase 
there (c. 5 6 000 yr B.P. P.O.) . 
In addition to the evidence sugges ng that climate 
changed throughout the forest phase, there are also 
indications that climate varied local 
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There is little indication of local variation during 
the beech forest phase due to the problems mentioned earlier, 
but there are indications of local variation in climate 
the podocarp forest phase of diagrams from montane 
sites in Canterbury. 
Whereas differences from site to site in the proportions 
of pollen of the d ferent forest types (e,g. podocarp and 
beech) may be attributed to differences in the composition 
of late Otiran sources of the local rest, and differences 
in the pollen spectra of individual s s will result from 
differences ln te environments; broad differences in the 
composition of an individual forest type, evident from a 
number of sites in a district should reflect differences 
in regional climate. 
Conditions were wet enough and mild enough for the 
establishment Podoca us spicatus-dominant forest 
containing P. ferrugineus and P. dacrydioides in the Lake 
Sumner, Cass, Harper River, and Mt. Somers districts, At 
Prospect lIon the other hand, the predominance of 
P, hallii among the podocarps, the co~dominant status of 
Phyllocla the persistence of apparent considerable 
amounts ofml Coprosma scrub, and very late spread 
of beech, all suggests a harsher or colder climate. 
However, the presence throughout the forest phase of the 
Prospect Hill diagrams of pollen of Podocarpus dacrydioides 
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and Pseudowintera, both indicators of mild moist conditions 
(Lintott & Burrows, 1973) and also the predominance there of 
PZagianthus pollen over that of the hardier Hoheria in the 
mixed scrub pollen spectra must be noted. Edaphic tors 
may have been responsible for the prominence of scrub, but 
the Prospect Hill sites bear a similar relationship to 
moraines of the late Otiran as do other sites at Cass and 
Sisters Stream. 
In summary, with few exceptions, the pollen evidence 
shows that a change initiated at about 6 000 yr B.P, caused 
a terioration from the early peak in mild moist climate. 
Conditions became generally drier and cooler towards the 
present during the forest phase, with probably an increasing 
incidence of drought and frost. Climate also varied 
locally with conditions being probab harsher in the upper 
Rak a district than in other montane areas further north. 
There is no record in the pollen agrams of recent change 
in climate as propos by Holloway (1954) and other workers. 
This event would most likely have been too minor in scale to 
be recorded, and in any case would have been overshadowed 
in the pollen record by the effects of fire, which are 
evident in most Canterbury 
forest to grassland. 
agrams as an abrupt change from 
The effects of fire preclude further interpretation of 
climate from the pollen evidence of the grassland phase. 
Field evidence of regeneration in existing beech forests 
in montane Canterbury suggests that a forest climate still 
prevails. 
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12.3.5 Summary 
The overall picture is presented of an initial improve-
ment in Aranuian climate at 10 000 yr B.P. to mild moist 
conditions followed by a deterioration at 6 000 yr B.P. which 
has persisted to the present day. Table l2F summarizes 
the evidence and deductions which lead to the following 
reconstruction. 
Cold wet conditions with heavy frosts, similar to 
today's alpine and subalpine climates gave way at 10 000 yr 
B.P. to a milder more equable climate. Conditions during 
this early forest period were probably similar to the present 
central lowland Westland or Stewart Island climate, being 
milder and more equable than before with less extremes of 
frost, and milder or more equable than at present in montane 
Canterbury with more consistent and greater rainfall. These 
conditions deteriorated at about 6 000 yr B.P. to conditions 
similar to present day in montane Canterbury, becoming 
drier and probably colder and less equable. The decline in 
conditions took effect probably as much by increases in 
climate extremes, causing increased frequency, duration, and 
intensity of drought and frost, thus affecting seedling 
mortality, as by mean decline in values of climate parameters. 
Such a breakdown in weather conditions could be caused by 
long-term variation in one of the major determinants of the 
climate of the south temperate regions as for example, a 
breakdown in stability of the path of the circumpolar 
jet stream (e.g., Ponte, 1976). 
This reconstruction is in general accord with a growing 
body of data in the southern hemisphere (e.g. Burrows, 1979), 
Table l2F Aranuian climate history of montane 
Canterbury. 
Ollte, yr !l.P. 
c. is 000 
c. 10 000 
c. 12 000 
Table l2F Aranuian climate history of montane Canterbury 
Reconstruction of Climate 
POSt C. 6 0001 conditione never much wetter 
than present-day. 
Post c. 6 0001 climate becoming drier, 
? Po~t c. 6 0001 climate becoming drier. 
Regional climate change at c. 6 000 yr B.P. to 
less equable conditions becoming drier and 
probably cooler approaching present-day 
conditions with increasing incidence of drought 
and frost. Conditions in the Rakaia were 
harsher than in catchmentG further north. 
Climate has becomo mild, moist and equable, 
similar in nature to present-day upper lOwland/ 
lower montane zone climate of central'Westland. 
Little significant change in climate from 
c. 10 000 - c. 6 000 yr B.P. 
Climate continuing to ameliorate, still 
subalpine in nature but with fewer and lighter 
frosts. Climate in montane Canterbury was 
probably similar to that of present-day upper' 
moneane/lower subalpine zone in the upper Rakeia. 
Beginning of progressive warming, decreasing 
intensity of frosts. 
'Climate similar to present-day subalpine 
climate exists throughout montane Canterbury. 
Cool to cold, milder than late-Dtiran. 
Moist but not wet. 
NO summer drought. 
Evidence 
Limits of silVer b2ech in the Laka Sumner district 
appear never in the past to h~ve extend~d to 
Raupo Pond. 
Steady decline in PcdooarpwB pollen frequencies 
beginning at mid-zone OT 2. 
7 Po:; t c. 6 000; a to Dlondin S tredm I.'J. "I1'''lt'. a 
pol:en frequencics cca~e, followed by a long 
decline in PodOOar?Wd with incredsing Gr~minc~e 
and L.Jpto!lpeJ·m~m. 
Spread of beech in rnontan8, int~rmont~n~, fo~thill:;, 
plains and coastal loc~tions at c. 6 000 yr S.P. 
D~clin~ in Paawdowincery in montane Canterbury 
halfway through the forest phase. (Posr,-S 000 yr 
B.P. ABoarina decline in western South ~nd North 
Islands.) 
Podocarp forest dominant with P. sl'ia.:l~"o. 
P. [,rruginlwl, and p. d~Qr~dioiJi. pre~mct In areas 
where these species cancot now survive. 
PBaudowintwra generally prescnt throughout montana 
Canr<=rbury. (ABourina corr.mon in 10;;1.:md \,est1,;;nd 
fore .. ts.) 
No marked consistent changes in frequencies of 
pollen dvminants. 
Change in domicance from Daorvji~m bi~willii to 
Phyllvalad~a alpin~Q shrubland/forest or 
p. alpin~J/Podaoarpwa hallii forest in the Rakaia 
Valley. 
Change in scrub dominance from Capra.ma spp. to 
Daarydi~m bidwilLii. 
Lake Stream glacial advance (c. 11 000) ~ roal f 1:.'1e 
magnitude of previous advance in RJkaia Valley. 
Cras~land/shrubland of subalpine ch~racter; no 
montane forest; some trees of present-day mid-
subalpine zone upper a1~itudinal limit near ice. 
Woody vegetation present, c.f., late-Otiran 
grilss1and. 
NyrainG not prominent scrub component. 
Cyperaceae i6 a promingnt and widespread grassland 
component. 
and in the south-west Pacific area in particular (New 
Guinea, south-eastern Australia l and Tasmania, e.g" Hope 
& Peterson, 1976; Bowler et at., 1976, Dodson, 1974, a,bi 
McPhail, 1979) which demonstrates similar climatic trends 
for the last 10 000 years. 
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THE TIMING OF FOREST EXPANSION IN MONTANE CANTERBURY. 
The 10 000 ± 150 yr B.P. (N.Z,1653) date for the 
transition from Coprosma scrubland/grassland to Phyllocladus/ 
Podoca us forest at Prospect Hill may be put forward as 
a tentative date for the beginnings of extensive st in 
montane Canterbury. This fits with other dates from 
central and southern South Island which show that the 
expansion of early Aranuian forest there was approximately 
synchronous and did not occur before about 10 000 years 
ago (Table 12 G) . 
Table l2G Dates forest expansion in the South Island 
Years B.P. Location 
Pollen Dominance 
Scrub-Phyllocladus/ NZ1653 10 000±150 Quagmire Tarn, This study 
Podocarpus Rakaia, Canterbury 
Weinmannia- NZ829 9 230±150 Nan's Kettle, Bell Maar, 1971 
Dacrydiwn Hill, N. Westland 
aupressinum 
Shrub-Podocarpus NZ302 9 820±155 Crooked Mary Ck. , Maar, 1971 
N. Westland 
Shrub-Podocarpus NZ772 9 850±l20 Swampy Hill, otago McIntyre + 
McKellar, 197C 
Shrub-PodocarpU8 R4015/l c.9 900±lOO Timaru, Maar, 1973 (b) 
S. Canterbury 
This contrasts with the North Island and northern South 
Island where glaciation was not as severe (and the climate 
milder) as in central and southern South Island, and where 
podocarp forest had expanded widely by c.12 000 yr B.P. or 
soon ter (McGlone & Topping, 1973, 1977; N.T. Moar, pers. 
comm., 1978; Dodson, 1978). 
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12.5 THE SPREAD OF BEECH FOREST IN THE CANTERBURY ALPS 
12.5.1 Introduction 
Discussion of the spread of the Canterbury beech forests 
must involve the broader questions posed by the pattern of 
beech forest distribution 
The absence of beech 
the South Island (F .2.8). 
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st from the middle of the 
South Island has long been attributed to the severity of the 
Otira glaciation there (e.g., Cockayne, 1926). The 
apparent anomaly presented by the presence in this region 
of podocarp rainforest,rather than the less mesophytic 
beech forest, has been explained by the rapid post-glacial 
migration of podocarps (due to bird distributed seed) as 
compared to beech (Preest, 1963). Identification of, ind 
the relative importance of, the factors influencing the 
expansion of the vegetation surviving the Otiran has since 
been a source of controversy. Obviously the improving 
post-glacial climate allowed extension of plant communities 
into previously uninhabitab areas, but such factors as 
the location, extent, and composition of Otiran refuges; 
soil type; the different ecological tolerances of the 
various sp es involved; the competition between these 
species and their differing rates of dispersal - all factors 
in uenclng migration rates - must also be considered 
Furthermore, it is important to realise that the present 
day distribution of beech represents the cumulative effect 
of the stadials and interstadials of the Otira glaciation 
and the last interglacial as well, and does not just represent 
a simplistic readjustment beginning with the end of the 
final stadial of the Otiran. The status of the present 
beech boundaries therefore, and the relative importance 
of e factors influencing the st-glacial spread of 
beech in the central South Island are still ln question, 
Present theories explaining vegetation history in the 
South Island variously emphasize that post-glacial 
spread and the present extent of beech was controlled 
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by the rate of amelioration of post-glacial climate or by 
an inherently slow rate of migration for beech from 
northern and southern refug Both schools of thought 
recognize that spread of beech may be hindered by 
competition with prior established vegetation (e.g., 
podocarp forest) . 
The tion eco of beech a clear knowledge 
------~~------------~=-------------
of which is necessary for the understanding and reconstruct-
ion of beech and podocarp forest history, and past 
environments, has not been investigated in depth. Differ-
ences of opinion st concerning the commonly accepted 
slow rate of migration for beech spec s. The seed 
(of relatively small size and low density, and possessing 
small wings) appears to be suitable for dispersal by 
wind, but regeneration arising from wind-borne seed does 
not normally extend much beyond 200 m from either isolated 
trees (Wardle, 1970), or from the margins of a parent 
stand (Preest, 1963). Spread is by growth of seedlings 
under the peripheral edge of the forest or stand canopy, 
but it is recognized that stream transport of seed may 
lead to relatively fast riparian extension (e.g" Wardle, 
1970) , More recently it has been shown that dispers 
and establishment may occur over long distances. Burrows 
(1977) has repor 
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instances in the Cass distr t of beech 
seedlings in scrub up to 6 km from source, and descr 
small beech stands in the otira and Taramakau val in 
Westland which are "several to many kilometres distant from 
more extensive forest". Stands similar to these occur else~ 
where in North Westland (see following). Thus there is 
opportunity for beech seed to be transported long distances 
at times, but this appears rare to result in establishment. 
Migration may limited more by requirements for 
ling establishment and growth away from the seed source 
(i.e., nursery conditions such as provided by mature 
Leptospermum scrub (Wardle, 1970)), than by dispersal 
range of seed which has not t been directly measured or 
estimated. Important influencing factors are likely to be 
the absence in new territory of the beech root mycorrhiza 
fungi, essential to good growth, and the probably under-
estimated effect and frequency of storm strength winds which 
gust to 160+ k.p.h. the Southern Alps. 
Data from North Westland (Moar, 1971) show that the 
spread of beech there was not synchronous. The evidence 
has been interpreted as demonstrating a southward 
migration of beech from a source in Nelson occurring 
over some 5 000 years, and a recent diagram from Nelson 
showing beech to have been present there as an increasing 
dominant component of ch/podocarp forest for the last 
10 500 yr B.P (Dodson r 1978) is in accordance with this 
view This has been taken (Moar, 1971) as dence of a slow 
migration of beech southward from Nelson into the faster 
migrating podocarp forest r already established following 
deglaciation, with migration being controlled by the 
192 
limited range of beech dissemination rather than by a 
I 
progressively improving post~glacial climate central 
Westland. 
Later work has shown that the situation in Westland 
is I y to be more complex. Beech has been shown to 
have been present in the middle of the "beech gap!1 
Wes nd near Hokitika in a late Otiran podocarp-beech 
grassland pollen sequence (Moar & Suggage, 1973). Last 
interglacial sites from central and southern near-coastal 
locations within the present "beech gap'l (Dickson, 1972; 
Nathan & Moar, 1975) also show beech to be prominent 
forest to grassland pollen sequences. June (1977) has 
reported the presence of Nothofagus truncata (a component 
of North Westland beech rests) south of the "beech gap" 
at Jacksonts Ba~ demonstrating survival of beech there 
during glacial times and indicating a former distribution 
range extending south through the present podocarp forests 
of central Westland. Current work on the distribution 
of beech spec s in North Westland (S.R. June pers. comm.) 
shows that beech has almost certainly survived the last 
glaciation south of the present beech/podocarp interface 
as well as in other locali s there. In North Westland 
many stands of varying size 1 scattered in podocarp 
forest beyond the beech front. Most of these stands 
may be reasonably explained as being products of chance 
long distance dispersal but others may not. One of the 
largest stands contains all four species of the North 
Westland beech forest (Nothofagus soZandri var~ 
cZiffortioides, N. fusca, N. menziesii, and N. truncata), 
1 s some 13.5 km distant from the beech front, and 
must almost certainly represent a site in which beech 
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survived through the last glacial. 
Superimposed upon these large scale historical 
considerations in westland are the present day, small scale, 
species migration patterns existing within the beech front, 
which show that migration of beech species is not occurring 
in sequences consistent with what is at present known of 
the ecology of the various species concerned (S.R. June, 
pers.comrn.) • The present day beech species patterns 
at the beech front in North Westland thus do not appear 
to represent a response that is consistent with control by 
climate change alone. Other factors, such as the detailed 
distribution of forest and forest tree species in the late 
Otiran,are likely to be involved. 
Data from Canterbury show that the situation on the 
eastern side of the alps in North Canterbury is as complex 
as that in Westland, and that it is further complicated by 
the widespread reduction of forest by fire. and exploitation 
by man. 
The southern limit of present day beech forest in 
Canterbury is very irregular and fragmented (Fig. 2.11). 
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Much of this fragmentation is due to fire, but some 
outliers (e.g., at Banks Peninsula) must represent refugia 
positions of beech survival through the last glacial. 
Radiocarbon dates from Lake Sumner, Bealey River, Rubicon 
Creek, Harper River, and the upper Rakaia Valley (Fig. 12.1) 
document the establishment of extensive beech forest in 
montane Canterbury and allow comparison with the data of 
Moar, (1971, 1973b). Further evidence from Templeton 
and Christchurch shows beech to have been present in the 
Figure 12.1 The timing of the rise to dominance of 
Nothofagus fusaa type pollen,in pollen 
diagrams from sites in Nelson, Canterbury, 
and North Westland. (Dates are in 
approximate years B.P. and are based on 
radiocarbon dates listed in Table l2G 
over-page) • 
NELSON SITES 
Dew Lakes pre. 10 
Tophouse pre. 7 
NORTH WESTLAND SITES 
Upper Maruia Valley 6 500 
Crooked Mary Creek 6 000 
Bell Hill post 2 400 
IJ 
~- . , 0Gon' ,.,.-.. _10tI° \ e\4., • .u-. 
* Estimated 
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BANKS rENINSULA 
Valley 
500* 
Lake Sumner c 5 500* 
(Raupo Pond) 
Rubicon Creek 6 300 
Cass (Kettlehole Bog) 
c. 6-7 000* 
Harper River pre. 4 600 
Bealey River c. 6 000* 
Upper Rakaia (Prospect Hill) 
c. 1 000* 
CANTERBURY SITES 
f-- -··· J Beech forest 
_ Podocarp forest 
~ • 2e • ilia • 
101) 
IC.""'-'ra I 1 I I I I ! I L..-J 
~I'" I i I I ;0 ~ • .. • 
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TABLE 12H Radiocarbon dates from which is derived the 
timing of post acial of beech 
forest in the northern South Island. 
-~-~---.~-------------
Dew Lakes, 
Sloping Bog, 
Tophouse 
Ure I s Mire, 
Upper Maruia 
Valley 
Crooked Mary 
creek, upper 
Grey Valley 
Nan 1 S Kettle, 
Bell Hill, 
Lake Brunner 
Pyramid Valley 
Raupo Pond, 
sisters Stream, 
Lake Sumner 
Rubicon Creek 
Kettlehole Bog, 
Cass 
Hamilton Creek, 
Harper River 
Upper Waimak-
ariri River 
Bealey River 
Bealey River 
Quagmire Tarn, 
Prospect Hill, 
upper Rakaia 
River 
N. fusca type pollen 10 430±240 
prominent and increasing 
N. fusca pollen 7 820±95 
dominant before this 
date 
Rise to dominance of 6 530±85 
N. fusca type polle.n 
Wood sample, not in 6 070±75 
dating rise in N. fusca 
type pollen 
before rise to 6 560±100 
dominance of N. fusca 
type pollen 
Low « 15%) N. fusca type 2 390±35 
pollen frequencies at a 
site 7 km from present 
extensive beech 
forest 
Soon after rise to 4 280±62 
dominance of N. fusca 
type pollen 
Late in podocarp forest 6 990±140 
phase 
Beech spreading into 6 330±115 
podocarp forest phase 
Late podocarp forest 8 250±145 
Dates not associated 
with a pollen diagram, 
subfossil wood samples 
establishing a minimal 
age for mountain beech 
forest 
N, fusca type pollen 
dominant 
N. fusca type pollen 
dominant 
Phyllocladus pollen 
dominant 
Rise to dominance of 
N. menzlesii pollen 
4 620±80 
4 550±80 
4 830±90 
5 180±90 
7 600±110 
1 975 ±90 
GX 4729 
(Dodson, 1978) 
NZ 1077 
(Maar I 1971) 
NZ 1078 
(Moar, 1971) 
NZ 741 
(Maar, 1971) 
NZ 301 
(Maar, 1971) 
NZ 830 
(Moar, 1971) 
(Gregg, 
1966) 
NZ 1822 
(this study) 
NZ 1390 
(Maar I 1973b) 
NZ 1076 
(Maar f 1971) 
NZ 72 (Molloy 
& Cox, 1972) 
NZ 73 (Molloy 
& Cox, 1972) 
NZ 1594 (Burrows 
unpub. ) 
NZ 1905 (Burrows 
unpub. ) 
NZ 1904 (Burrows 
unpub. ) 
NZ 1654 
(this study) 
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lower alns podocarp forests over 6 500 years ago (Cox & 
Mead, 1963; Moar(1971). A or difference in forest compo-
sition exists between the sts of the beech fronts in 
westland and Canterbury. The predominantly red,silver,mountain, 
(and hard beech (N. trunca in N. Westland) mixed 
forest of the northern Island extends about the same 
distance southwest along sides of the alps (to 
imately the Arnold and Rivers ln Westland,and the 
Hurunui and Cox Rivers Canterbury). But whereas North 
Westland this mixed beech forest forms the southern limit; in 
North Canterbury, mountain beech forest extends the 
mixed beech forests of the Waiau, Hurunui, and Cox, to the 
southern boundary in Rakaia, Ashburton,and tata catch-
ments. Small mids pockets of red beech, and occasional 
silver beech, are present in this mountain beech forest in the 
Mingha-Hawdon-Andrews region of the Waimakari (red 
beech for at least 500 yrs (Molloy,1977)), and (red beech only) 
at Mt. Oxford Mt. Grey. 
Of fu re vance to considerations of migration 
are the isolated stands of silver beech beyond southern limits 
of beech forest in Canterbury. with exception of those 
silver ech stands in the tributar s of the Waimakariri River, 
which are most probably derived from mixed beech forests of 
the Hurunui and Cox catchments; the 1 olated stands of 
silver Canterbury are located near the central South 
Island 1 of the northern and southern beech forests of 
eastern a (Rakaia catchment, Mt, Somers; Lake Pukak i, Mt. 
Cook) , in foothills locations thin the 'beech gap'. se 
1 outs the former limits of Otira ice (Suggate, 1965) 
and may represent former midslope re sites inhabited 
the st glaciation (Fig. 2.11). 
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Also pertinent is the accumul evidence of pre~ 
Aranuian beech forest in Canterbury It has been seen 
(section 12.2) that several pollen diagrams from montane 
Canterbury imply scattered sources of beech pollen in the 
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foothills in the early Aranuian. There is also evidence 
of beech forests in montane Canterbury from deposits of 
the last interglacial. A site atJoyces Stream in the 
foothills of the Waimakariri catchment demonstrates a 
podocarp-beech-grassland/scrubland sequence and records 
the transition from interglacial to glacial (Otiran) (Moar 
& Gage, 1973). 
12.5.2 Discussion 
The radiocarbon dates from Prospect Hill and Sisters 
Stream in conjunction with dates from the Waimakariri 
Valley (Fig. 12.1) help establish the timing of the spread 
of beech forest in montane Canterbury. 
The interpolated Sisters Stream date of c.S 500 yr 
B.P. is much older than the date of beech spread at Bell 
Hill (post-2 400 yr B.P.) direc y across the Main Divide 
but is consistent with the distance of the site from the 
southern limit of present day beech forest in Canterbury. 
The dates from the Waimakariri district (Rubicon 
Ck. G 330 yr B.P., Cass c.7 000 yr B.P., Bealey River 
c.G 000 yr B.P.), suggest that beech began to spread 
there at about the same time or even before expansion 
occurred in the La Sumner district at Sisters Stream. 
This, together with the difference in forest types 
between the two areas and the presence of early Aranuian 
beech pollen in some Cass diagrams, suggests that the 
Waimakariri forests originated, from local sources inhabited 
during the late Otiran, probably on the foothill ranges 
near the Waimakariri gorge, from which beech spread west 
The 4 620±80 yr B.P. age of the beech 
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rests of the 
r River accords with ir proposed origin from the 
Waimakariri forests (Molloy & Cox, 1972). 
The indications of mountain expansion at Prospect 
11 about 1 000 years ago is consistent th the site's 
locat n just outs the main 1 its of beech forest. 
origin of the mountain beech forest in the upper ia River 
near Prospect Hill is uncertain. The late establi nt may 
ref ct spread from the Waimakari source or from smaller 
more is ted sources in the headwaters of the north and south 
branches of the Ashburton ver where si r beech ars to 
have survived the late Otira glaciation. Both source areas 
are probably involved. The evidence of spread of beech in 
the Mt. Somers district is difficult to rpret. Expansion 
was limited main to hillslopes, and probab occurred around 
6 000 years ago from al hillslope refugia. forests in 
the catchments of the Rak a, Wilberforce, Mathias, Ashburton, 
and tata are only remnants of a complex mosaic destroyed 
by fire. Detailed ecological invest tions of structure 
and dynamics of the remaining stands of forests; eluc on of 
the former (pre-Polynesian fire) extent and stribution of 
beech and podocarp sti and dated pollen di from more 
sites, are red before an authori palaeo-reconstructio 
can made. To a casual i ction of an undisturbed example 
of beech~podocarp interface at Moa Stream (Wilberforce Valley) 
boundary appears to been stat for a cons le 
time (at least 500 1 000 yrs, i.e., lifespan of a podocarp). 
There are no relict stands or trees on either s of the 
boundary ( ng invasion one way or the other), and no 
signif ant penetration of the boundary by ration 
occurs on either side (G.H. Stewart, pers.comm.). The inference 
of this,together with the Prospect Hill pollen evidence 
of only a very recent beech history, is that the 
beech boundary in montane Canterbury is,and has for 
the last thousand years or so, been controlled by 
stringent interspecific competition between dominants 
of the two forest types under the overall influence of 
climate. 
For montane Canterbury, the evidence that I have 
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been able to assemble does not permit a clear and consistent 
reconstruc on of beech history to be formulated. A simple 
picture of invasion from the north by a wave beech 
forest cannot be sustained. Expansion of large, mixed, 
northern sources undoubtedly did occur, but the podoc 
forests of Waimakariri appear to have been replaced 
by beech from a fferent monospecific source, into which 
northern mixed beech has infiltrated via low saddles 
into the northernmost tributar s. complex mosaics 
of beech and other forest types, the rema s of which exist 
in the Rakaia and Rangitata watersheds, were probably· 
typical of the earl r beech-podocarp transition period in 
other areas, in the present beech sts, rare 
isolated relict stands or single trees from these ier 
forests yet survive. The presence of beech in the 
Podocarpus spicatus plains forests at 6 495 yr B.P. (Cox 
& Mead, 1963), the relict type of distribution of s r 
beech in cen Canterbury, and the presence of beech on 
Banks Peninsula all fit with s picture of a mosaic 
pattern of change forest types. 
The dis ution of beech in the South Island in 
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late Otiran - early Aranuian is not seen to relate simply 
to massive refugia in the north and south, consequent on 
the disruption of the Otira glaciation, as implied by 
Cockayne (1926); Wardle (1963) i and Burrows (1965). Instead, 
a scattered distribution of small refuges is envisaged, 
whose frequency (densi ), and individual size, increased 
on a gradient away from the centre of glaciation as 
increasingly favourable conditions away from the harsh 
environment of the main glacial areas allowed the presence 
of more and larger refuges. 
The spread of beech in the Aranuian is therefore 
seen as having been governed by the speed of coa scence 
of stands (spreading from refugia) which would have been 
dependent on the inherent rate of beech migration from a 
refuge, compe tion with other species outside a refuge, 
and upon refugia den ty and size. The degree to which 
the extra-refugia species were favoured by the local 
climate obtaining would influence the competitive abili 
of beech, and thus s migration rate: for example, a 
local climate with high rainfall and warm conditions would 
inhibit the spread of beech in the face of competition 
from podocarp forest species. The overall controlling 
factor of beech spread would have been climate, the local 
expression of which would have varied as to location. 
The spread of beech in the Aranuian at any location 
response to climate change must therefore be controlled 
by:-
i) the presence of refugia 
ii) the position of the location on a general climatic 
gradient away from the harsh centre of glaciation 
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iii) the magnitude of change with respect to the climatic 
factors I ting beech spread 
iv) modifying factors (e.g. local climate, local vegetation, 
topograph al and other migration barriers) . 
To simplify, a location may be thought of as occurring 
in any of three broad sectors of the climatic gradient: 
A) the least favourab sector ~ the centre of glaciation 
where conditions are inimical to beech survival and where 
beech refugia are either absent or rare 
B) the intermediate sector - where conditions allow the 
presence scattered beech refugia 
C) the most favourab sector most distant from the 
centre of glaciation, where beech is present, having 
survived the at an glaciation there in substantial 
quanti es. 
Using this model, the c. 6 000 yr B.P. climate change 
is seen as having been of sufficient magnitude to allow 
conditions favouring spread of beech to occur in the 
intermediate sector (B), but not in the least favourable 
sector (A), while the change would have I tIe effect 
on the most favourable sector (C) apart from an expansion 
of the already extensive beech refugia surviving the 
atiran there. 
This explanation fits the data from Canterbury where 
the Upper Rakaia and Cass/Lake Sumner districts correspond 
respectively with sectors A and B. The anation also 
holds for North Westland where the Bell Hill and Crooked 
Mary Creek/Upper Maruia Valley districts correspond 
respectively with sectors A and B and where the spread of 
beech forest the intermediate sector (Crooked Mary 
Creek/Upper Maruia Valley) is also dated at about 6 000 
B.P. Nelson (Tophouse, Dew Lakes) corresponds with 
sector C. 
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12.6 THE HISTORY AND ORIGIN OF THE ISOLATED SILVER 
BEECH STANDS AT LAKE STREAM AND MT. SOMERS, 
CANTERBURY. 
No 0 us menziesii pollen values of up to 60% at 
Quagmire Tarn, and low values at Windy Tarn, demonstrate the 
presence of lac silver beech forest at Prospect Hill 
during the last 2 000 years. A long extra history 
is i cated the presence of a N. menziesii leaf at an 
extimated 5 500 years (QT 420 cm) at Quagmire Tarn the 
trace amount of N. menziesii pollen there, extending back 
an estimated 8 000 years, nearly as far b as the post-
glacial spread of forest in the area at 10 000 yr B.P .. 
This pol evidence, and the increas occurrence of 
silver beech the present-day forest remnants on the 
eastern side of Lake Stream Valley towards Lake Heron 
(Fig. 4.1), suggests that silver beech survived the late 
52 
Otiran somewhere in the Lake Heron basin. 
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pollen diagrams from Mt. Somers Blondin Stream 
do not r convincing evidence of late-glacial silver 
beech refugia in the Mt. Somers area, In the diagram 
from Mt. Somers, the absence of N. menziesii pollen is most 
probably to site factors. The low but continuous 
N. menziesii record at Blondin Stream is similar to that 
at Windy Tarn and, toge r with the Notho s fusca type 
curve, records only the expansion of these forest types 
in the podocarp forest phase. 
Although is no direct pollen nee for silver 
beech occurring locally during the late Otiran in the 
diagrams from Prospect Hill or Mt. Somers areas, this is 
more likely a reflection of the probable small size and 
isolated nature of the proposed refuges, combined with 
under-representation, than anything else. The hypothesis 
that silver beech survived the late Otiran these areas 
is not disproven. It ns the simplest hypothesis, 
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considering the unlikeliness of long distance seed dispersal 
and establishment of the disjunct 1 stands of silver 
beech in central and southern Canterbury. 
12.7 THE FIRE HISTORY OF THE STUDY AREAS 
There is widespread evidence of past fires in both 
lowland and inland areas of the eastern South Island 
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(Fig. 12, 2 ). Most of the evidence consists of charcoals 
in both surface and buried soils both within and beyond 
present forest boundaries. Other evidence is drawn from 
buried st soils (podsols), windthrow dimples, and 
subfossil remains, which indicate formerly more extensive 
areas of forest. Radiocarbon dating of the charcoals 
has shown a history of both natural and man caused fires 
throughout Aranuian time. In montane Canterbury charcoal 
is extensive along the foothills and frontal ranges and 
has been found within many mountain valleys, ranging from 
valley bottom to above treeline. 
Table 121 
Canterbury. 
There is 
broadly suoona zes the fire history of 
evidence in the intermontane district 
of Hill in the form of charcoal fragments, fossil 
pollen, and buried soils, for several fires. These 
events are like to have been part of more major Canterbury_ 
episodes proposed by Molloy (1977). 
i) There is evidence of recent European res ln the upper 
Rakaia Valley. 
ii) The fire at the change from forest to grassland pollen 
dominance at about 860 radiocarbon years ago is within the 
range of dates for the Polynesian fire episode (see page 
47 for cri 1 information on the reliability of radiocarbon 
dates from buried charcoal/wood, and peat material). 
iii) The proposed fire at an estimated 3 500 years ago accom~ 
panying a rise in Gramineae pollen values and the beginning 
" • 
Figure 12. 2 
R. 
R . 
R. 
o Podocarp wood 
• Podocarp charcoal 
t:. Seech wood 
A Beech t.harcoa( 
o Ditoty\eo donous wood other than bef'th 
111 Dicotyledonous charcoal other than beech 
)( Buried podsots 
Surface dimpling 
Distribution of subfossil forest remains 
in Canterbury (from Molloy, 1969a) • 
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Table 12I Major fire episodes in Canterbury 
Sources: 
Cox & Mead, (1963); Grant-Taylor & 
Rafter, (1971); Moar, (1973b); 
Molloy, (1964); Molloy, (1977); 
Molloy, et al. (1963) • 
PERIODS 
European 
1850 A.D. present 
(100 yr B.P. PoD.) 
Polynes 
c. 1000 A.D. 1850 A.D. 
(c. 1 000 yr B.P. 
100 yr B.P.) 
Pre-set ement 
pre- c, 1000 A.D, 
(pre- c, 1 000 yr B,P,) 
FIRE EPISODES 
ated large fires in the 
1860's with many smaller fires 
up to the present day 
"Burning off" land cle ng/ 
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pasture rovement, accidental 
savlmill and other fires. 
c, 800 500 years ago. 
Catastrophic fire episode 
de sting much of the eastern 
South Island after the beginning 
of Polynesian settlement about 
1 000 A.D. Generally thought 
to caused by deliberate and 
accidental fires of the 
Polynesians. 
2 000 - 3 SOD years ago. 
Several iocarbon dates 
charcoals are grouped within 
this period. 
5 000 - 6 500 years ago. 
A large cluster of radiocarbon 
dates for charcoals within this 
time range 
episode. 
Pre-Aranuian. 
st a major fire 
Evidence of f has been found 
sediments of te Pleistocene 
(Molloy, 1964, p.175; Maar, 1973b, 
p.189). 
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of Nothofagus menziesii pollen records, may 11 
thin the 2 000 ~ 3 500 yr B.P. fire period. The 
possibili that the silver beech forest expansion was 
triggered or aided by fire is rticu ly interesting in 
ew of the later destruct n of beech forest by fire. 
iv) The fire dated at 5 830 radiocarbon years ago in 
about the middle of the podocarp forest phase, falls within 
the 5 000 - 6 500 yr B.P. fire period. 
In the foothills strict of Mt. Somers there lS 
evidence of: 
i) One or two less major fires above treeline occurring 
near the end of the podocarp forest phase, and 
ii) an upper plains fire at the change from lowland 
podocarp forest to grassland. These are all likely to be 
part of Polynesian fire riod. 
iii) A major fire the middle of the podocarp forest phase 
shortly before the beginn of Nothofagus fusca type pollen 
records is likely to fall into the 5 000 - 6 500 yr B.P. 
fire period. 
In the e Sumner district: 
i) the reduc of beech st at Sisters Stream was 
almost certainly caused by Polynesian fires. 
ii) European fires occurred in the Sisters Valley but not 
in the upper Hurunui ley. 
The above evidence included in Table 12E adds to 
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the knowledge of the timing and magnitude of past fire 
episodes Canterbury. 
The additional evidence shows that the Polynesian fires 
at caused widespread destruction of forest over the 
Canterbury plains and eastern South Island about 500 - 600 
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years ago also extended into frontal ranges and all the 
major river catchments between including the Bur 
in north and the Rakai hburton in the south, 
The incidence of fire in the Aranuian assumes 
tional importance 
at c. 6 000 yr B,P. 
pretation. 
ew of the proposed cl 
llowing is a possible 
change 
r~ 
The proposed climate change at c. 6 000 yr B,P, promoted 
drier conditions which allowed the major fire episode at 
5 ~ 6 500 yr B.P, (and subsequent fires) to occur in 
Canterbury. This fire episode may have a the expansion 
of beech,which was occurring in response to the climate 
change/by destruct of forest (podocarp and beech) allow-
ing beech to establish preferentially in changed 
climatic conditions, In the wetter condi s of the upper 
Rakaia this same f episode had little e ect, but 
conditions were apparently drier late4 when the c. 3 500 yr 
B.P. fire at P t Hill had more ef t,causing increased 
grassland and 
silver beech 
The 1 
Polynesian f 
ing followedJsubsequen y, by the spread 
widespread destruct 
s contrasts with the 
of beech forest by 
sibility of this 
c. 6 000 yr B.P. re episode assist the expansion 
beech, The Polynesian fire however is thought to 
differ from the earlier ones by almost certainly con 
of repea major fires which at relatively short 
intervals, ssively reducing ch forest and allowing 
beech little chance of recovery Climatic conditions 
affec ng beech regeneration ly differed also. 
The Polynesian fire epi comes at a time when the 
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podocarp forest pollen values of the Prospect Hill diagrams, 
and more especially the Blondin Stream diagram, are showing 
that the podocarp forests there were declining in response 
to a presumed drying in climate. The Polynesian fires 
A 
are therefore seen as the coup de grace a long establis 
history of decline of montane podocarp forest in the r 
aia Lake Heron Mt. Somers region. 
CHAPTER 13 
CONCLUSION 
The study has shown the progression of the changes 
in Aranuian vegetation to be complex and only partly ex~ 
plains them. The difficulties inherent in the inter~ 
pretation of pollen data are evident. It may also be 
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seen that the understanding of the development of Aranuian 
vegetation in central montane Canterbury is hampered by 
the limited data available, the nature and geographic 
origin of these data, and by the present state of 
knowledge of the ecology of the plant communities involved. 
The most pressing need in Canterbury, as pointed up 
by this study, is for a thorough investigation to be made 
of the vegetation history of the foothills of the Canterbury 
Alps, including the Hunters Hills of South Canterbury and 
Mts. Thomas and Grey of North Canterbury. Not only do the 
pollen data suggest that these have been late Otiran survival 
areas, but remnant stands and representative species of for-
mer podocarp forest occur today in South Canterbury and 
(mixed with beech forests) in North Canterbury. In addition 
to findings of general interest, there should be elucidated 
some of the problems concerning the spread of beech (e.g. 
a definitive date for when conditions began to favour beech) 
and also the causes of the scattered distribution of 
isolated silver beech stands in Canterbury. 
The finer definition of Aranuian climate trends and 
the relationship of fire to vegetation changes can only 
come with the obtaining of further radiocarbon dated data 
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This will allow the progressive from more sites. 
extinctions and sions of communities to be traced in 
areas sensi to changes in climate the peripheral 
areas of present local climate district treelines and 
other boundaries of present plant conUTIunities and spec s 
stributions (e.g. silver beech) that are undisturbed by 
recent fire. This information will able to be used 
more accurately when there is gained a more intimate 
knowl of the ecological requirements f migration 
ecology, and pollen representativity of the co~nunities 
and species involved. 
To complete the cture for Canterbury, sites should 
a be sought in coastal locations (Banks Peninsula in 
particular) in 0 to confirm premise that 
extens coastal re ia existed on the extended land 
area of Otiran time, which served as source areas for the 
reafforesta of the pI ns. 
discovery of sites of late Otiran refugia in 
Canterbury and elucidation of their Otiran Aranuian 
history will be of prime interest. 
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APPENDIX I 
SITE STRATIGRAPHIES 
RE TARl.\! 
th ( Sediment 
0-20 hagnum peat, moderately humified;abundant 
rootlets and zornes; dark brown. 
20-120 Zone of dense fibrous rootsrhumified ha num 
and water; no sample obtainable; brown. 
120-150 Brown macromud with abundant rootlets; fine 
charcoal fragments present around 120 cm; 
silver beech leaves present 120-300 cm; 
Potamogeton seeds abundant throughout. 
150-340 Yellow brown macromud; rootlets becoming 
sparse with increasing depth; si r beech 
leaves present to 300 cm; Potamogeton seeds 
are abundant to 270 cm and decrease in 
frequency thereafter to become sparse at 
340 cm; Phyllocladus alpinus cladodes present 
300-470 cm~ fine charcoal fragments 300-360 cm. 
340-690 Grey brown sandy silty macromud which becomes 
more compact with th; a few fine rootlets 
present to 420 cm; Dacrydium bidwillii leaves 
co~non 340-690 cm; increased sand fraction 
and increased Dacrydium bidwillii aves 
550-600 cm~ Phyllocladus alpinus cladodes 
present to 470 cm and further cladodes were 
recorded from 520, 540, 570, 640, and 660 cm; 
Potamogeton seeds present in low frequencies 
to 510 cm. 
Depth (crn) 
690 708 
708-732 
732-745 
S irnent 
Transition to grey sandy silt. 
Grey sandy silt vii th sharp lO\ver boundary. 
Grey brown sandy silty rnacrornud as before; 
abundant rootlets. 
Transit to ue grey sandy silt, 
Grey blue silty clay. 
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WINDY TARN 
Depth (cm) 
O~l 
1~26 
26-30 
30 40 
40-60 
60 240 
240 259 
259 560 
560 600 
600-788 
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Sed 
Dense fibrous ack peat. 
Yellow brown sl tly f Sphagnum peat. 
Grey brown moderately humified agnum peat, 
abundant roots and rhizomes throughout, some 
silt. 
Grey silty hagnum peat, abundant roots, 
Yellow brown moderately humified num peat 
Soft brown poorly humif d agnum peat 
becoming more humified,watery, and darker brown 
in colour with depth down to about 230 cm 
where samp s were too fluid to be retrieved. 
Roots and rhizomes abundant in the top 30 cm 
and less frequent with depth. 
The above peat becomes less watery. 
Grey brown macromud with silt: 330-360 cm 
grey macromud with high silt increment; 392-
396 cm light grey fine sand/silt; 450-560 cm 
fine yellowish rootlets, moderate concentration, 
even distribution. 
Transition to slightly brown grey muddy silt; 
rootlets less frequent. 
Brownish grey muddy silt grading into: dark 
grey silty clay at 690cTIl, brownish light grey 
silty clay at 730 cm, and blue grey clay at 
about 784 cm. A 0.5 cm band of blue-grey 
sil clay occurs at 750 cm. 
Brown h light grey silty clay as before, 
sharp upper contact and grading down into 
blue grey silty clay at bottom of hole. 
MT" SOMERS 
Dep 
0-5 
5-15 
15-25 
25-50 
50-67 
67-70 
70-90 
(cm) 
90-120 
120 
Sediment 
Loosely compacted yellow brown macromud Wl 
fine charcoal fragments. 
Grey silt, fine rcoal increases down to 
234 
15 cm, a 
at 12 cm. 
in band of orange hagnum occurs 
Orange brown Sphagnum, no charcoal. 
Dark grey silt, fine charcoal becoming more 
frequent with tho 
Dark red brown macromud, dark red leaf bases 
of oenus pauciflorus at 55 cm complete 
with root zone extending down to 67 cm. 
Yellow brown macromud. 
Dark brown macromud (sl tly fibrous) grading 
to yellow brown in colour as fibres become 
less frequent with depth. 
Becoming increasing fibrous and darker in 
colour with dep changing through grey brown 
(silt present) to orange brown to black brown. 
Last 20 cm is virtually solid fibrous peat. 
Bottom of hole, stony. 
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BLONDIN STREAfvl 
Depth ( Sediment 
0-80 Light brown fluid sediment; dense roots from 
40 cm; no sample ob nable" 
80-200 Macromud, colour change 80-90 cm light brown to 
dark brown; dense fibrous roots to 120 cm; 
120-140 cm roots become sparse; 130-140 cm 
colour change to brown; 140 160 cm occasional 
rootlet; 160-200 no roots. 
200 Stony bottom. 
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RAUPO POND 
Depth (cm) S iment 
0-60 Roots of Typha orientalis, and water. 
60 105 Light brown decomposing Typha leaves. 
105-120 Transitional to micromud. 
brown micromud at top which grades down 
through a mottled yellow/black s to light 
yellow micromud at 150 cm. micromud 
extends down to a 0.5 cm grey brown silt band 
at 706 cm becoming darker and more compact 
with depth and more cheese-l in 
consistency and fracture with silt content 
increasing with depth. Typha leaves do not 
occur below 250 cm. At 547 cm a 7 cm silt 
rich zone lies above a 0.5 cm b grey 
silt band. 
706-900 Pure, dense, light yellow micromud with no 
apparent inorganic fraction. A 2 cm 
silt-rich band occurs at 815 cm. 
900-907 4 cm band of light grey silt~ upper contact 
sharp, lower contact gradational over 3 cm. 
907 1 120 Light yellow micromud (as above) whose silt 
content and grey brown colour increases th 
th to a very dark grey micromud. 5 cm 
bands of black mottl occur at 920 cm and 
940 cm. 
1 120 Sharp contact with banded unit below. 
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Depth (cm) Sediment 
1 l20~1 136 Complex of fine banding including two intact 
and closely spaced soil horizons. root 
zones of both horizons are established In 
yellow dark grey silty mud and are sur-
mounted by black sil rich in small black 
pliable unidenti plant ts, no 
charcoal ts were found. 
I 136 I 400 Light yellow grey micromud grades to sil 
clay at bottom of hole. Silt content and 
grey colour increases with depth. Blue 
clay bands and silt bands are present 
throughout. A gradat through grey 
argillaceous silt occurs at about 1 300 cm 
to blue grey clay at about I 380 cm. Rootlets 
vary in abundance as indicated on the pollen 
diagram and are unrelated to any soil 
horizon. A 10 cm band of blue grey clay 
occurs at 1 310- 1 320 cm and is surrounded by 
8 cm of dense small grass like leaves, No 
root zone visible. 
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SPRINGS BOG 
Sed t 
0-15 Living lO'i, green. 
15-40 Transition zone, becoming increas ly 
humified. 
40-163 Dark-brown macromud, fibrous roots, 
leaves and leaf basesj mountain beech and 
sil ver beech leaves cormnon throughout. 
163-170 Transiton zone. Light grey sil clay with 
se leaves. 
170-180 Light grey silty clay. 
APPENDIX II 
SPECIES LISTS 
IIA PROSPECT HILL BOG SURFACE SPECIES 
re Tarn 
Agl'ostis tenuis Genti asp., 
Hebe 0 ra 
erochlce re lens 
Anisotome aromatica 
Anthoxanthum odoratum 
Blechnum penna-ma na 
B um sp. 
co le tripa 
Hypsela valis 
CaL'ex cor1-acea rS1-ne nummularia 
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ta 
C. echinata No gus menziesii (seedling) 
C. secta 
C. sinclairii 
Ce sia gracilent 
Dracophy llum uniflorelm 
Dra yllum pronum hybrid 
Drosera arcturi 
Eleocharis acuta 
ilobium macropus 
Epil ium spp. 
Galium perpusillum 
Gaultheria crassa 
Gaul asp. 
N. solan 
(seedling) 
are olus pectinatus 
o. strict~uJ 
Pernettya macrostigma 
lea oreoph~ila 
Poly chum SPa 
Potamogeton cheesemanii 
Ranunculus paceus 
Schoe~us pauciflorus 
Sphagnum c statum 
S. falcatulum 
tioides 
Abrotan lla caespitosa 
rotanella sp. 
Agrlostis ten s 
Anisotome aromatica 
A 
Ble 
oxan um 0 ratum 
num procerum 
Carex d~ian 
C. echinata 
C. gaudicha 
C. sin c l a i ri i 
ana 
Celmisia cilenta 
Ch nochloa rubra 
Festuca novae-zelandiae 
Gaultheria sp. 
Gnaphalium paludosum 
Hypsela valis 
Juncus effusus 
Juncus sp. 
riophyllum propinquum 
Ore olus pectinatus 
Polyt chum 
Ranunculus lappaceus 
Ranunculus sp. 
Rumex acetosella 
Schoen us pauciflorus 
Schoenus sp. 
Sphagnum cristatum 
Uncinia 
Viola cunninghamii 
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lIB UPPER RAKAIA ViU,LEY FOREST/SCRUB REMNANTS* 
Pros t Hill 
Very Small Forest/Scrub Remnants on Pro 
Cordyline austraZis 
Hoheria lyalli 
PSBU arlax co ns OL 
Gaulth ria crassa 
Rubus cissoi s 
Sophora crophyl 
Fuchsia persc ns 
Griselinia littoralis 
Drac hyllum longi lium 
Polystichum vestitum 
t Hill. 
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Small Dacry um bidwillii stand (20 m diameter, 3-5 m high) 
across Lake Stream from Prospect Hill. 
Main species 
Other species 
Dacrydium bidwillii 
Coprosma Spa aff. parvi ora 
Muehlenbeckia complexa 
Rubus squarrosus 
Hypole s millefolium 
Uncinia sp. 
Polystichum vestitum 
Sedges 
* Species listed in generally decreasing order of abundance" 
Forest at DOVIDS Hut. 
Main species 
r spec s 
Ground 
Nothofagus soZandr var. cZi 
N. m nziesii (scatte 
Hoheria aZZi 
seZi a littoraZis 
Fuchsia exc r icata 
Carpo tus serratu.s 
Pseudopanax coZensoi 
AristoteZia s rrata 
Coprosma rhamnoi s 
Pseudopanax crassi Zium 
Coprosma rugosa 
Hebe saZicifoZia 
Po carpus nivaZis x haZZii 
OZea a arborescens 
Rubus ssoides 
Coprosma crocarpa 
Coprosma propinqua 
AsteZia nervosa 
PoZystichum vestitum 
BZechnum procerum 
Uncinia uncinata 
GauZtheria antipo 
Hyp Zepis miZZefoZium 
Urtica incisa 
ChionochZoa cons cua 
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rtioi 8 
Forest and Scrub Rakaia Vall 
Forest at Washbourne Hut. 
Main species 
Other species 
Cris Zinia ZittoraZis 
Po car us haZZii 
Pseu panax crass~ Zium 
Ca tUB serratus 
Hoheri gZabrata 
rosma ZinariifoZia 
C. sp. aff. parvifZora 
Myrsin divaricata 
MuehZenbeckia austraZis 
Rubus schmideZioi 
Sophora microp ZZa 
Parsonsia capsuZ s 
Jellicoe Stream - two stands of forest on fans. 
Main Species 
Stand 1. 
Stand 2. 
Other Species 
DZearia iZici Zia (dominant) 
PhyZZocZadus a inus 
CriseZinia ZittoraZis 
Podocarpus haZZii 
PhyZZocZadus a inus 
CriseZinia ZittoraZis 
Po carpus haZZii 
Myrsine divaricata 
} canopy 
Co sma sp. aff. parvifZora 
Coprosma spp. 
HypoZepis miZZefoZium 
Pittosporum tenuifoZium 
Pseu anax coZensoi 
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Other species Zium 
(con ) 
Metrosi ros umbeZZata bluff) 
OZea a avicenniaefolia (rocky bluff) 
O. a 0 scens 
Hym nanthera aZpina 
A stoteZia fruticoaa 
Heb saZicifoZia 
AspZ um fZaccidum 
A. elZifoZium 
A. ri ardii 
Un nia uncinata 
Bull Stream - two stands of forest. 
S L 
Ma Species Po carpus haZlii 
G selinia littoralis 
Other Species Carpodetus serratus 
Coprosma Zinarii lia 
Coprosma sp. aff. parviflora 
Pseudopanax crassifolium 
Pseudowintera colorata 
Pseudopanax simplex 
Ground AsteZia nervosa 
Uncinia uncinata 
Libertia sp. 
Asplenium richardii 
A. flabelZi Zium 
PoZystichum vestitum 
Urtica incisa 
Uncinia sp. 
Carex sp. 
Stand 20 
]\1ain Spec ies 
other 
Ground 
s 
yllocla s alpinus 
Po carpus hallii 
Gris linia littoralis 
ttosporum tenuifolium 
Coprosma propinqua 
Olearia avicenniaefolia 
DracophyZlum longifolium 
Gaulthe a crassa 
Coprosma linariifoli 
C. sp.aff. parviflora 
Corokia cotoneaster 
Rubus squarrosus 
Clema s aus ral s 
Asplenium flac dum 
matodes diversifolium 
Podocarpus hallii (juvenile) 
Hebe subalpina 
Griselinia littoralis (seedlings) 
Pseudopanax colensoi (juvenile) 
Gaultheria an poda 
Uncinia un nata 
Lycopo um varium 
Corybas macranthus 
Forest stand near Reischek Hut, 
Main Spec s 
Other S ies 
Griselinia littoralis 
Podocarpus hallii 
Ho ria glabrata 
Pittosporum tenuifolium 
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Other Species 
(continued) 
Ground 
Scrub on glaci 
Shrubs 
Main es 
Other Spec s 
246 
Olea a ili lia 
Olearia avicenniaefolia 
Co rosma linariifolia 
Phyllocladus a inus 
Pseudopanax crassifolium 
rsine varicatc1 
Coprosma sp. aff. parvi ora 
C. propinqua 
C. ciliata 
Rubus schmidelioides 
Archeria traversii 
Libocedrus bidwillii 
Leptospermum scoparium 
Polystichum ves tum (dominant) 
Un nia uncinata 
Ur ca 'Z-nc'Z-sa 
Poa imbecilla 
Chionochloa conspicua 
Phormium cookianum 
Asplenium richardii 
mora s near 11 Hutt (at valley-head). 
Podocarpus valis 
Dracophyllum longifolium 
Phyllocladus alpinus 
Coprosma pseudocuneata 
Coprosma rugosa 
Hebe subalpina 
Hymenanthera alpina 
Coprosma dumosa 
Other Spec s 
(continued) 
Myrsine nummularia 
Senecio cassinioi s 
Olearia nummularifolia 
Mu lenbec a lla s 
Dracop llum uni orum 
Ga ltheria crassa 
Hohe a gl l"ata 
Parah e decoYla 
PittosDorum anomalum 
Pimelea or ophila 
Gaulthel'ia pressa 
Co rosma cheesemanii 
C. ressa 
Aristotelia fruticosa 
GriseZi a littora s 
Cya odes fraseri 
Coprosma sp. aff. parvi ora 
Pseudopanax colensoi 
Coprosma ciliata 
C. pumila 
Dracophyllum kirkii 
Myrsine divaricata 
Senecio eleagnifolius 
Grasses and Ru s 
Poa colensoi 
Uncinia di cata 
Luzula 
Agropyron scabrum 
Chionochloa avesaens 
Phormium cookianum (agave) 
Chionochloa pallens 
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Ferns and Mosses 
BZechnum penna na 
Polystichum ves tum 
P. cystostegia 
ao t 2un Z ug''&n sum 
Zum 
Hypnum c , " S 81.,. JO Pine 
copo um fastigiatum 
Forbs 
EviZobium meZanocaulon 
Wahle ergia aZbomarginata 
Coriaria angustissima 
Raoulia spp. 
R. glabra 
Acaena anserini Zia 
RanuncuZus alZi 
Senecio beZZidioides 
Vi Za cunningh i 
HeZichrysum belZi aides 
Acip ZZa scott-tho sonii 
Celmisia coriacea 
Geum parvi arum 
Table 3A COLOURS 0( PLANTS SEDIMENTS 7'0 
'.J 
. ~.J rn 
'''',> 0..1 
A Aecarina Mr 
.....;,. 
"'-' Myrtaceae 
micromud y yellow 
Ac Acaena Mu Nuehlenbec'kia 
B brown 
Al Araliaceae My Hyrsine [I macromud G grey Ar Arie totelia Nf Nothofagull lueea 
U blue 
Az Azolla Nm Nothofague menzieeii [Jill ~ .... .... 6il t and sand R red Ca CalluGrina Ns Nothofague eolandri .,. .... 
0 orange 
Ch Chenopodiaceae var. cHffort{,oides 
clay X black 
Co Coria ria 0 Onagraceae 
Cy Caryophyllaceae P PZagianthus 
rootlets L light 
D Dacr4dium bid~~Zlii type Pa Papilionaceae 
D dark 
Dr Draaophy Hum Pd Podoaarpue daerydioides ~ water E Elaeoc:arpaceae Ph Podocarpue haHii 
Eh ElaeocarpUB hookerianuB Po Plantago ~ Sphagnum peat SITES Ep Epilobium Pr Phormium QT Quagmire Tarn 
G Grise linia Ps Phyma to detl 
charcoal WT Windy Tarn 
Ga Galium Pt Potamogeton 
MS Mt. Somers 
Ge Centiana Pw Peeudo~intera 
sedge leaves BS Blondin Stream 
Gr Geranium Px Pseudopana:: or peat 
RP Raupo Pond 
Gu Cunnera Py Phy Iloa ladue 
SB Springs Bog 
H Hoheria R Rosaceae fibrous, or 
fibrous roots 
Ha HaZoragis Ra Ranunculaceae 
A.P. Arboreal pollen 
HIlI Hymenophyllaceae T Tupeia II fibrous sedge N.A.P. Non arboreal pelle By HyarocotyZe Te Tetrad peat L.D.D. Long distance 
L Leptospermum Th ,Thymelaeaceae dispersal 
Li LiboeedruB U Umbelliferae rock 
Ly Lycopodium W Weinmannia 
oM Metrosideros 
Me Myriophyllum TlEUBRARY 
IJfIVERSI1Y OF CMIERBURV 
CHRISI'CtfURCH. N.2. 
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Moraines of the Upper Rakaia Va lley 
C. J. B U RROWS and J. B. RUSSELL 
Depa rtment or Bota ny 
Universilr of Canterbury 
[R,ctiUf d b}lh , Editor, of NQIJ<'mbrr 1974 ; Q/ rt uiutl, 22 July /975J 
Abstract 
Moraina in the UplK'r R.lka ia Valley rrcord'Q;ladal :'ICI;,-il \' at j nlcr\'~b belwttn 
.I ",ut 1:>000 ),1 UP Ind the IllS! fe w dtcadelo. T he u~c S:n:am .lnd Jagsw Strum 
.. dunces occurr"d proba bly bet ween 11,900 and 10,000 )'1' BI' . 'Id c>. lcnded 29 kill 
and 21 km, rupec!i"c lylJrom Ihe , "alley head. One or mor .. renewed advanr ", 
occ:.urn:d motc th l n 4,$00 yr uP :lnd gave rist 10 the complu of drift nur the 
R~.chelr. Jlj" Ct only 9 Ir.m from Iht ~lIe)' hud ..... no.her phase of ,I.lei ... ! :1Cl lV;ly 
besan 4,500 yr BP (at least ) and cons\tuct .. d morainel on the Mcins Knob ridlC, 
but no d oHe iJ il'-a ililblc for irs end . FUrlher ;'Idvances formed a compiex of 
morooinc, nur thc L ,'cll H UI m01"C lh 'lrl 1,000 ycar, "80. Tht most re.ccnt scries of 
I;bcial c"en" formed the Whitcombc group of morainn wi lhin the 1".t fe w ( Cllluries , 
JNTROOUCTIO,,"' 
The Lydl and Ramsay G laciers, at the h~ad of lh~ lipprr Ra kaia Vall~y, a re 
tIle northernmost large glaciers in Nrw Zeala nd ( Fig. 11. Th~i r neves and those: 
of their tri but:lrr glaci~rs lie along about 18 km of th l! main di"ide of the Southern 
Alps. The glaciers are overlooked by only 5 peaks of 2500 III or more, but there 
are at I~as t 30 peaks of 2000 m and many ~ser pe3ks.. Th~ L)eJl ~Iacier is aOOm 
6.0 kill lonl,\" and Ihe Rams.1Y glacitr abou t 8.5 km long. Tht tennini of the glaciers 
art at 1006 m and 945 m a.s..l. , respective] )' . A th ird, snHlll~ r glaci~r, lhe R~ischek, 
risi ng in the ArrO\"sm ith Rang~ , has aho been a contributor to the glacial history 
of tlle area . So too have other Rlaciers in tributan' \ a ll~)'s on bolh sides of the main 
valle)'. Th~y include the Jagged Stream on the ~u t h ba nk, and Lo uper, Duncan's, 
Ca ll ie, and Tota ra Creeks on Ihe north bank . The last fou r have not been studied. 
Th e streams drai ning from the L)"~11 and Ramsa y Glacicrs join to form the 
Rabia River, wh ich flows east\lard down a wide va lley b~!ween rugged mounta in 
ranges. As ~n as it leal'es the g lacien lite ri ver flows in braided channels o n its 
gravel bed. Apart from th~ tributariu mentioned a bovc it is joined uy se\'eral 
other streams, includin~ the Lake Stre.tm on the sou lh bank (Fig . 2). All of the 
major tribu taries have built fans out into the vaJlf' ~ . Th~ Rakaia River is joined 
by the Mathias River near Manub Point, 39 kill from the valley head , and 13 kill 
rurth~r on is the confluence wilh the Wilberforce Ri l'er, near lo.f !. Algidus. The 
vail.:y upstream oj Manuka Po inl will be r~gardt'd as Ihe Upper Rakaia Va lley for 
the purposes of this paper, and the area bet\leen Manu!..a Point and the eaStern 
side of the Ral.aia Corge will be referred to as the Middl~ Rakaia Basin. 
Be t\"een M anuka Point and Ihe modem glaciers manr eroded remnants of 
moraines a re p r('senl . The purpose of this paper is to describe these moraines a nd 
related {~atures and 10 o utl inf' a ch ronology of g lacial f'\'ents in the area . 
T he glacial geol~ of the M iddJe Raka ia Basin has been well described by 
Speigh t (1 93-1 J. Soons ( 1963 ). Soons and Gullen tops ( 1973" ~nd CarT)t'r (1967 ). 
In particular, in(orma tion concerning lhe 1:15l major ad vances ( ''''cheron 1, 2,3) 
of the Ot ira glaciation, which Idl moraines ncar Lake Coleridge and the Acheron 
R iver (Soons 19(3), has relevance to the prtsen t study. Speight (1 911, 1934) 
briefl }' mentioned some of Ih~ moraines in the U pper Rakaia Valley but they have 
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Bl'RROIIS, }{VSSfl.L- M o rai1/n 01 Upper Rakaia ' ·alll')" 407 
11.900 ± 200 ~r nr {:\.Z. 16':'2 ). Lakt' Ht' ron irr bad t hu~ rt." 're;.J Il"d from PrO$p~("t 
H ill br at l~aS I aOOut 12,000 yr liP and pos5ibl) a thousand or mort' I'ca rs ~arlier 
(note that a ll rad iOl· .. l!hun uat{'s <lit" gil t' Jl usin;! th(' old standard for the half-li fr 
of lie and without <orrection for M:C\;!a r "ariation ', Th i\ dilti m; i, reasonably con-
sistent with olher dalt"~ near Iht' end of th~' bSI mail! 01ir;ul ad laUl l·. For example, 
in the Waia u R il"er \'a llf'}" in :\nrth CanlerbtH) . a lalt" stagl' of Ih e gL.lciation "as 
dated at 1+, 100 ± 220 yr BP (N.Z. 532) (S ll .~g al(' 19b5 ) a nd. fanlier u p' tht' 
sam l' "alk)": 5('dimf'nt\ were tx.'i n.1l: deposi1t'd in a lOll-co prnbabk dam med b~ a 
glflciN 13 .. 309 ± 201 )f BP (KI 3.)-1·-1 ) (Cla ) tOI1 1965L In South W~~t1alld, 011 
Omotroa Bluff ::r. !-Clacier t'xtendcd beyond the pres!!'o! coa~ t lin(' a! 13 .. 950 ± 140 yr 
BP (N .Z. 479 ) ( h 'uck 19;3), but ::r.t Parinl{a a glarier "'a~ rt' trf'al ing rapidl) 
13,40U ± iSO yr BP {N.Z. 531 1 (Suggate 19fj8). 
LAIi:E STREA ~! ANU JACCEO STREA)! MORA11\1:.~ 
La~e SIrf'Gm A dt'ullu 
Thc Raka ia G lacier lalcr read\"an<'~J and d~[)().~i tcd a \\l.'II ·marl-ed moraine 
( with 1"0 crest!. onl} a few rnelres apan) on lh~ "("item and nortlH~rn fla n k ~ of 
Prospt'ct H ill a nd tIlt down la nd immediately sou lh of il ( fi gs. 2. :1) and masked 
)omf' of the La ~e tl eron adnmre fealurf'S Ihere \Iith fr(".ht'f deposits. In the Lower 
Washbournt: S(Jf'3m V3 J1 ~)' (kno"'n loc3 11r a\ Thompsons Cn-ek l, at least 150 m 
of glacio-- Ru,' ia l df'po.r;n ~ arrun1\lb t~d ag-a insl the ice ( Fig, 4), th~ surface of which 
lay at 859 m, while nn'hl,'ater escaped down chan nl'h on Ihe sou thern side of the 
flc . 4 _ F luvio-glacial depo.iu of Lake Stream ase in Ihr USI bank of Lower Washboumc 
SO"Cam. 
Prospect H ill do" ola nd, into th~ Lakco Stream Valley . This all m'ium can be seeo 
rest ing ;l .~ ,,"in s t ti ll al 5;3/638828. Claci~rs at thl: head of L:lw~r \·\'ashbourn~ 
Stream gav~ ris(" 10 tht· outwash and l1leh"'a teJ and built moraine~ OIl ]520 m which 
are contemporan~ou' "i th thf' Lake Stream morain~ , Drih f!'O m the Lal-!."" Stream 
advancf' is pJaster~d nl1lO the hillside just wesl of I h~ Washbourne st ream ronfluenc~ 
with the Rakaia Val1el' {S;3 / 630836 1. A lobt" of ice was pushf'd on to the Prospect 
H ill downJand , 762 m a .s.l., and melt,,-a l!."" r from II formed a small outwash plain, 
before entering the ice·free LIke St ream Valle ~·. A field of d rumli n· like hillods. 
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}' JG, ll,- Exposure at the ba~ of ~l'ml Knob showing wOO<! embedded in lill ( N,Z, 1287, 
4j 4i1 ~ 10'i rr HP) 
1,2 m 
6,0 m+ 
TABLE !.- Expo\ur(' of Till ,,;( 11 W"oJ , Nonhusl of Me;m Knob, 
Talus, ;--~, 
Coarse !r"')""':Id(' J nudum 
Ground mon;ne, )'1,Hr;,.- of sand . .. It w;lh ,m!"lar greyw~cke pebb l"~. robbl e~ ~nd 
a few lar!:l' boulders SOJlll' Hg illi le rlas!' prclI:n l .. \br"ded wood o(,' urs through-
~,. 
Descends beiow ri"er Il'n:1. 
A low ridge of lalera l moraint' at the nonheast corm:r of Meins Knob is 
immediately ad jace nt to thl' eXIKl<;urt' and appl'3f"S to ha\'e been depo~il ed at the 
same timt' a~ tlte ground moraine. A ~imil ar ridge is present at the foot of Jims 
K nob, immediately oppositf' . 
The dn led materi al record~ an t'ad". ad, 'an,!;' in M eins Knob time, when icc 
filled thf' L~t'Jl Valley t(, the summit ('I'f th t· :'. Irins Knob ridge. T he la rgest tree 
stem seen (Podorar/llil hollii) was 40 nn in diameter ami is judged to ha\'e been 
at lea'il 200 yean of a~t· whe n it died . Other species present indude t.l--tc ~hrubs 
POdOUlIPll < nit'olif (three samples ) and Ph,.!lodadu.I alpillu < ( tw~h-r sample~ ) , A 
well -de\'eloped forrst, at leasl 200 yt'ars old , on :Mejn~ K nob was destroyed nv the 
early M eim Kn ob adv:m (!'" The wood had het':l strongly abradrd before being 
imbeddt'd in tiJi . POdOC{! 1/ lif "allii O(cu n ~d Ofl :'.l eins K nob In modern t imes until 
frmo\'ed bv fire ;llxltJ[ 1900 A.D .. but it is not present in the Lye!! Vallt:y proper. 
A notch on the northwest ~jde (If l\ fein~ Knob represents the position of an ire-
marginal chan nel t ilt d urin~ thl' M('ill~ K nob ad\"ances, Parallel with it. at )036 m 
a .s. l. , is a moraine whir;h wa~ fanned during a late phase in the series of advances , 
Th e last j\·lei ns Knob ad\';ln c(' of th (' L\"ell Glacier fonned a small moraine abo\'e 
bedrock abo llt O,B km upstf" "m of the I\ordl\\'t'st corner of M eins Knob (Fig. 10). 
No dat I" is a\'ailab1e for tht ' I"nd of the .\-Icins Knob ad\"anre~ . Thr end of depo-
si ti on of thr su bsequent rompi<'x F- roup of Lv('11 moraines probably occurred more 
than a thousa nd vears at;o. ~o that th e Mein~ K!1ob nd\'ancl"s ma\' ha\'(' t'nded at 
least 11,'i, e a~ long ago. ' . 
Wardl(' ( 1973 \ obtairwd dates of 2.570 ::!: i) yr HP. 3,600 ± JOO yr DP and 
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+,730 :::: 75 yr BP for advanced positions of the Horac(' Walker and Franz JosrJ 
glariers in South 'vV~sl!and which may corrflatc \,ith thl" Mcins Knob ad"ance, 
(Tablf. 2). 
LYELL AND \\'HITCO~18E MORAll\T5 
Moraines of tht' Lyell Glacier younge!' than thosr which extend to ne.ar the 
northern end of Metns Knob are l!:rouped inw two sets w~th the n3mes of Lvell 
and Whitcombe. The: young-est set," the' Whitcombe moraines, ... -ere formed within 
the last (hrer' centuries. and they are di,clls\rd In a ~cp2rate poper (Burro\\, and 
Maunder 1975). The L~'ell moraines, ,ix 0; more in number. arc complt'le.h 
(o\'ercd by Ph l llociadl'J and Dro,o/J/irllulll ~crllb. 1'\0 criteri:1 \\'('Ie a"adabl!;' by 
which the LvciJ mor;iincs could be dated absolutely except for [hI" \\eatfwrin.~ rind 
'.hicknc,,' of houlders on lhr youngest or them, Lo. 
T. Chum (pers. comm.) has de"eloped a curve 1'01' the time reialionship of the 
weathering rind thickness on exposed greywade boulders. The modal thicknf"~' of 
the weathering rinds of houlders on the Lo moraine is between 2.0 and 2.5 mm 
whilf: the rinds on the old(',r WhitC'ombe moraine (M6) are less than 1.0 mm thick. 
This su~gests that the youngest Lvell moraine i, ronsiderably o~der than the oldest 
'Vhitcombe moraine and probably more than ; ,000 veal', old l T Chinn pen 
comm.l. The M6 moraine is helieved to h;1,\'e been formed In the 17th century 
A.D. (BuITaws and Maunder 1975). 
Therf' wa~ not rimr rJ.Hinf!; the course of the fIeld \\lork 10 undertake ;J rull 
~ur\'ey of weathering rind thicknesses on the Rakaia moraine». 
A reasonable correlation mav be made between the Lvell moraines and the 
Marquee 2 moraines fom1ed Ew' the Cameron G13cier in the Arrowsmith H.an~E 
nearh\' (Burrows 1975). Thl' Marquee:: moralnes lie in J spatially comparable 
p~ition with respect to the glacier terminus and younger IIloraines. They also have 
comparable vegetal ion and .,oi Is, al !hough tht" Cameron mor3int'~ iiI' at slightly 
airitude and the vegetation ha, been disturbed by fire. The \1arquee 2 
moraines began to be formed at least as long ago as the 6th cent(llY A.D. and 
probably some time earlier (Burrow;; 1975). 
\'\'ard!c (1 q73) published a radiocarbon date of 1,510 ± 60 yr Er. for an 
advanr,. of the Horace Walker' glacier in South We;:t1and. The Franz Jmef Clacier 
was also in ::m advanced position 1.690 = 611 vr BP (R.P. Goldth\\ait, n Grant-
Taylor ::'1110 Rafter 1 %2). The Lyell ach-ances may ha\'e heen occurring during tbis 
period. 
The wmlJltxity of the glaclal history of the iZl,l J 2.000 years in diP 'Upper 
kakaia \'allt')' i; comparable with that recorded by Denton and Porter (1')70) anel 
Benedict (1973) in the l'\orth .\mc;rican Cordillera, or in Europe by Mait (196·1-. 
1968) alld Pat7.elt and Bortenschlager (1973). Tentiltiv(' correlations \\ithin Nc" 
Zi"'a\and un· outlined in Table 2. 
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